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stands alone. 


error correction technique, the ICL7134 provides 
up to 14 bits of accuracy and ultra-high stability 
over the entire operating temperature range. Plus 
the same cool low-power CMOS performance. 

Right now, we've got plenty of stock avail- 
able. So once you see how easily the ICL7115 
interfaces to your hardwired system and hooks 
up to 8- or 16-bit buses, you can spec the A/D chip 
that stands without peer. 

Matter of fact, give us a call today and we'll 
put this super A/D converter in your hands. After 
all, we designed the ICL7115 for great engineers. 
Like you. 


Call us for your free evaluation ICL7115, 
or write Intersil, Inc., Mail Stop R1-26, 10600 Ridge- 
view Court, Cupertino, CA 95014. In Europe, call 
(02) 673-93-79 or 660-20-14. Or write General 
Electric, International Operations, Chaussee de la 
Hulpe, 150-Bte. 5, 1170 Brussels, Belgium. 

And discover —first hand—why GE stands 
for Great Engineering. 


GE and 36) are registered trademarks of General Electric Company, U.S.A. 


Sample the future. Call 800-626-2001. 


Ext. 428. Free evaluation ICL7115s are available to the first 3000 qualified callers. 
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The only 14-bit monolithic A/D converter 
on the market today —that’s Intersil’s ICL7115. 
It’s the chip that will change the definition of 
signal processing. 

Data acquisition and data logging applica- 
tions are a whole new ball game with the ICL7115. 
It’s monolithic, which means lower cost and higher 
reliability than systems built with hybrids or 


modules. And its successive approximation tech- 
nique gives you 25,000 conversions per second, 
for more rapid sampling and greater digitizing 
capabilities. 

The key to the ICL7115 is our proprietary 


EPROM error correction technique. Unlike con- 
ventional techniques such as laser trimming, this 
unique EPROM correction method compensates 
for linearity and full-scale error with greater 
precision and stability, over the entire operating 
temperature range. 

Though it’s a hot new product, the ICL7115 
is a very cool performer: thanks to our advanced 
CMOS technology, the whole package dissipates 
only 10mW. 

And if your system requires equal precision 
ina D/A converter, our ICL7134 meets the chal- 
lenge. Utilizing the same proprietary EPROM 
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Math, 
Memory 
and 
More. 


What instrument is no 
bigger than a lunchbox, takes 
measurements like four high- 
performance multimeters, 
gathers data like a logger, and 
stores tens of thousands of 
readings? 

Only one instrument is like 
that—Wavetek’s new Model 
52 Data Multimeter. 

It measures DC voltage 
and current, AC voltage [to 1 
MHz} and current, resistance, 
volt-amperes, dB, frequency, 
period, time interval and pulse 
width. And it accepts industry- 
standard thermocouples—u, K, 
E and T. 

The data is shown in 
numeric and/or bar graph form 
on the large, high-resolution 
LCD. The display also helps 
with setup by providing com- 
plete menus for every function. 

Four parallel, isolated A-D 
channels let the Model 52 do 
the work of four ordinary 
DMMs. Built-in computing 
functions calculate deltas, 
percentages, minimum/maxi- 
mum readings and averages 
and detect alarm thresholds. 
You can even program your 
own math functions. 

Model 52 Is also a data 
logger. Add optional multi- 
plexers and you can gather up 
to 252 channels of analog data 
and store the readings in 
nearly a megabyte of RAM. 
Digital |/O options add up to 
32 bits of digital input and 
output as well as D/A capability 


for external control applications. 


Internal batteries protect 
your data and provide total 
portability. Leave it on a 
mountaintop and gather data 
for months, or put it in a plane 
and take readings on the fly. 

The Model 52 is easy to 
live with. You can transfer data 
to any computer's database at 
your convenience using the 
standard RS-232 or optional 
lIEEE-488 interface. Unique 
Flex-Cal closed-box calibration 
saves your valuable time. 


© Copyright 1986 Wavetek Corporation 
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Circle 98 for Demonstration 


surface-mounted devices 
and a custom gate array make 
it possible to offer all these 
features in such a compact 
package—and at prices begin- 
ning under $3,000*. Also avail- 
able is the remote-only Model 
51 for an even lower price. 

For more information, call 
us at (619) 279-2200, or 
write Wavetek San Diego, Inc., 
9045 Balboa Ave., P.O. Box 


85265, San Diego, CA 92138. 


TWX 910-335-2007. 
*U.S. Prices only. 
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On the cover: You can stay out in front 
of the competition by designing high- 

frequency off-line switching power supplies 
into your products. Such supplies, which 
operate at frequencies greater than 50 
kHz, are achieving high power densities 
while offering such features as inrush 
limiting, line filtering, and remote sens- 
ing. See pg 130. (Photo courtesy CEI 


Corp) 
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DESIGN FEATURES 


Special Report: High-frequency off-line 130 
switching power supplies 

Today’s faster switching circuitry allows manufacturers to build 
smaller off-line switching power supplies. The smaller the supply, 
however, the greater its potential for internal heating and safety 
problems. Manufacturers avoid these potential problems by employing 
innovative thermal designs and packaging methods.—Chris Everett, 
Western Editor 





Feed analog signals 153 
to IBM PC-compatible personal computers 


A personal-computer-based data-acquisition system converts analog 
signals from low-level sensors—first, to a level an analog-I/O system 
can use, and second, to the digital ones and zeros the computer can 
use. Some guidelines can help you implement hardware and software 
solutions to the sometimes thorny interface problem.—J Croteau, D 
Grant, and S Wurcer, Analog Devices Inc 





PC-based programs aid 175 
analog-circuit design and analysis 


You can use analog-circuit simulation software that runs on the IBM 
PC and compatible computers to analyze circuit designs. The pro- 
grams, which augment (rather than replace) your circuit-design 
knowledge, let you analyze a circuit’s ac and de performance and con- 
duct transient, Fourier, and Monte Carlo analyses.—Richard E Kiefer, 
Consultant 





EPLD macrocells and feedback signals 200 
ease circuit design 


The AND arrays, programmable macrocells, and feedback paths of 
an erasable programmable-logic device augment your ability to design 
general-purpose logic circuits. Designs based on the device can per- 
form their functions with fewer components than corresponding 
discrete-IC implementations.—Don Faria, Altera Corp 





Designer’s Guide to: 219 
Linear control-system theory—Part 2 


Advanced dynamic signal analyzers (DSAs) give designers a choice of 
techniques for measuring a system’s open-loop frequency response. 
This article considers the effect of DSAs on the graphical measurement 
techniques of linear control-system theory.—Steve Asbjornsen and Owen 
Brown, Hewlett-Packard Co 


Continued on page 7 
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Now scan and record temperatures 
from freezing to scorching. 


The new Fluke 52 goes to great 
extremes to outperform any other 
handheld thermometer. 

With extra features, like our exclusive 
SCAN mode. Touch the button, and your Fluke 
52 sequentially scans the readouts of two 
temperature inputs, and their difference. 

Hit the RECORD button, walk away, and 
record the minimum and maximum from any 
one of these three channels for up to 1,200 
hours. For troubleshooting intermittent 
problems, overnight monitoring, inlet/outlet 
servicing, and comparing trend information, 
it can’t be beat. 

lf you don’t need the scanning and record- 
ing features, you may prefer the single-point 
Fluke 51. Like the 52, it’s easy to use, offers 
unsurpassed accuracy with resolution to 1/10th 
of a degree, and can use any K or J type 
thermocouple probe to fit your application. 

Even the warranty goes to great extremes: 
three years on parts and service — the longest 
in the industry. And prices start as low as $119. 

But you don’t have to go to extremes to 
get one. 

Just contact your local supplier now for 
immediate delivery. 

Or for more information, call toll-free 
1-800-227-3800, Ext. 229. From outside the 
U.S. call 1-402-496-1350, Ext. 229. 


FROM THE WORLD LEADER IN 
HANDHELD TEST INSTRUMENTS. 





Fluke 51 Single Input Fluke 52 Dual Input 
SE SSE SETA SDE A SS 
Measurement range: K-type: —200°C to +1370°C (—328°F to +2498°F) 
J-type: —200°C to + 760°C (—328°F to +1400° 
Accuracy: K-type is +(0.1% of reading +0.7°C or 1.3°F) 
J-type is +(0.1% of reading +0.8°C or 1.4°F) 


°C or °F Selectable 


a tA 


Hold Mode 

Scan, Differential, and Min/Max Recording Modes (52 only) 
Standard mini-connector input 

1200 hour 9V battery life 

3-year warran 

General-purpose K-type bead probe included (two with 52). 














® 





IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
© Copyright 1985 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4701-50 
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You can now employ MOS static 
RAMS in applications once served only 
by Ik- or 4h-bit ECL memories. The 
16k- and 64k-bit MOS devices are 
achieving access times as low as 25 to 35 


nsec (pg 57). 


Resolution, accuracy, and hardware 


and software compatibility are key specs to 
consider when choosing digttizing tablets 


(pg 09). 
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TECHNOLOGY UPDATE 


Process improvements and special features 57 
reduce high-end static-RAM access times 

Today’s fast 16k- and 64k-bit MOS static RAMs have seen their ac- 
cess times fall to the 25- to 35-nsec range, approaching the speeds of 
ECL static RAMs.—Maury Wright, Western Editor 


Digitizing tablets offer choices 69 
of formats, operating modes, and pointers 


Whether you're digitizing schematic diagrams or a 3-dimensional 
shape, you can choose from a variety of digitizing tablets, pointing 
devices, and output formats.—Jon Titus, Senior Editor 


Programming aids minimize errors 79 
during software design, coding, and modification 

By employing one or more programming aids, you can make your 
computer handle much of the tedious work associated with program 
or software-system design.—Chris Terry, Associate Editor 


Varied Electro/86 program 97 
will emphasize IC- and system-design topics 
The conference will include talks on the latest developments in semi- 


custom ICs, ASICs, logic arrays, VLSI circuits, and other subjects. 
— Joanne Clay, Staff Editor 


PRODUCT UPDATE 

Networking products 107 
Arbitrary-waveform synthesizer 109 
Low-cost STE Bus-based development systems 110 
Electrically erasable standard memory cells 112 
Low-cost, PC-based LAN 114 
Voltmeter with 8-bit digitizer 116 
60W switching power supply | 118 
DESIGN IDEAS 

Dual one-shot forms frequency discriminator 241 
Matched FETS provide balanced modulator 242 
Lamps improve solenoid-driver efficiency 244 
Switching supply is small and efficient 244 
Square-root algorithm is fast and simple 246 


Continued on page 9 
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When speed is critical, Solartron’s 
7061 is the answer. Responding 
within 3 ms to an external trigger, 
the 7061 can output 300 readings 
per second on the IEEE-bus or 
signal an alarm condition within 

1 ms. User-selected integration 
times provide 4-1/2 to 7-1/2 digit 


resolution. 


An internal memory captures up 
to 8000 readings at a rate of 1500 
readings per second, compares 


CF 
Lf 


ry 
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them to a defined input level, and 
produces a before and after 
record of results. An extensive 
math and statistics package is 
available for data reduction. A 
scanner option provides 16 input 
channels in addition to the main 
and reference inputs. All 18 
channels may be scanned in any 
sequence at a rate of 300 channels 
per second and independently set 
for any measurement function, 
scale length, and post-processing. 
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The 7062 provides identical 
superior performance and 
functions with a simplified front 
panel, for use under exclusive 
computer control. 


M@ Voltage: dc and true rms ac 
@ Current: dc and ac 

WM Resistance: 2- and 4-wire 

M@ Temperature: °C and °F 

@ Ratio: anything to anything 


See us at Electro, Booth 2111-2113 


SOLARTRON 
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EDITORIAL 51 


You’re likely to be unsettled, as we are, to note the harmful methods 
a few ads still employ to get a reader’s attention. The arguments fre- 
quently used to justify such ads all have serious flaws. 
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For a complete data pack on the Transputer and its 
support products, fill in the response coupon, and 
post to INMOS Corporation PO. Box 16000 
Colorado Springs, Colorado 80935, USA. 

For faster response, call (303) 680-4000 


EDNO041786 
Name 


Title 
Company. 


Street/PO address 


City/State/Zip 
Country 


Telephone 


[_] Please send Transputer data pack 
| _] Please have a salesman call 
[_] lam interested in ordering an Evaluation Board 
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There's a new name in power semiconductors. 

POWEIREX, Inc. 

I's a joining of forces that overnight has created a new leader in the DOwer semi- 
conductor industry. 

POWEREX is a joint venture corporation of Westinghouse, General Electric, and Mitsubishi 
Electric America. It combines their experience ... their people ... their facilities . .. their traditions of 
Quality and reliability. 

And, of course, their products... a broad, growing line of Dower semiconductors, 
including rectifiers, thyristors, bipolar Dower transistors, triacs, isolated Dower modules, and assemblies. 

POWEREX brings a commitment to the industry fo set new standards of excellence in 
products and service. Look for new energy in product develooment and application support. New 








Products with higher switching speeds and improved efficiency. Faster responses to your delivery 
requirements through better inventory utilization and manufacturing processes. 

POWEREX is Gc powerful synergy of people, technologies, and resources... anew force 
IN POwer semiconductors. 

For full information, write POWEREX, Inc., Hillis Street, Youngwood, PA 15697. Or call 
POWEREX headquarters at (412) 925-7272. 


TAIMEREX 


Joint Venture Corporation of Westinghouse, General Electric, and Mitsubishi. 
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Introducing four positutely 





PERSONAL COMPUTER GRAPHICS 





2-D ENGINEERING WORKSTATIONS 


Our new family of RAMDACs is bound to make a Brooktree convert out of you. 


Who gives a duck’s tail about 
RAMDAGCSs, anyway? 
Apparently, none of our 
competitors. None has chosen 
to produce more than one 
RAMDAC. None, we believe, 
has taken the time or effort to 
design even one RAMDAC the 
right way. The Brooktree Way. 
We, on the other hand 
are now introducing four new 
RAMDACs — high performance 
D-to-A circuits with built-in 
color palettes. They make it 
easier than ever for you to 
achieve your new years resolu- 
tions, no matter what type of 
graphics system youre design- 
ing. And they all take advan- 
tage of our revolutionary 
low-glitch architecture. 


CLOCK FS ADJ 


256 X 24 

(16 X 12) 

COLOR 
VIDEO PALETTE 
DATA 


3 x 24 (12) 


OVERLAY OVERLAY RAM 


DATA 


cS RD WR COMMAND 


Bt453 Triple 8-bit 40 MHz RAMDAC/Bt450 Triple 4-bit 70 MHz RAMDAC 















FS ADJ = VREF 












LD 











VIDEO 
DATA 





























PIXEL 
RATE 
CONV. 


READ 
AND 
BLINK 
MASKS 


256 X 24 (12) 
COLOR 
PALETTE 











OVERLAY 
DATA 


SYNC 





4 x 24 (12) 
OVERLAY RAM 
















ADD REG 




















CE R/W CO Cl 


Bt458 Triple 8-bit 125 MHz RAMDAC/Bt451 Triple 4-bit 125 MHz RAMDAC 






Ask about our 

Sidecar RAM™ 
Here’s a vivid example of 
our commitment to elegant 
design: Each of our four new 
RAMDACs includes two over- 
lay ports that address a sepa- 
rate color palette. This makes 
cursors, menus, alphanumeric 
overlays, etc. easier to handle. 

Because this Sidecar 

RAM, as we call it, stores the 
colors for these overlay options, 
all the colors in the color 
palette RAM can be used to 


display rendered images. 


Ask about our 
Triple 4-bit RAMDAC. 

Our Bt450 is a 70 MHz, 
16-color palette, Triple 4-bit 











re solutionary 





HIGH RESOLUTION ENGINEERING WORKSTATIONS 


RAMDAC — in a single monolithic CMOS chip. 
Compare it to the TMS34070. It has a voltage 
output. Ours has an adjustable current output that 
drives doubly-terminated 75-ohm coax directly. Their 
part doesn't. 
Our color palette is fully dual ported. Not theirs. 
Ours is RS-343-A compatible, including SYNC 
tip and blanking pedestal. Theirs isn’t. 
Most important, the Bt450’s overlay RAM and 


separate MPU port makes your design job a lot easier. 


Ask about our Triple 8-bit RAMDAC. 

Our Bt453 is a 40 MHz, 256-color palette, Triple 8-bit 
RAMDAC —also in a single monolithic CMOS chip. 

Frankly, it’s not even fair to compare it to the 
IMSG170. It’s six bits. Ours is eight. 

So only Brooktree can give you, simultaneously, 
256 colors out of a 16.8 million-color palette. That 
means you can do solids modeling without color 
compromise. 


Who can you ask about our 125 MHz RAMDACs? 
It's tough not having direct competition. Nobody to 
blow out of the water. 
Our Bt451 is a 125 
MHz 256-color palette, 


RAMDACs. 


Z20G8 


1536 


ULTRA-HIGH RESOLUTION WORKSTATIONS 


Triple 4-bit RAMDAC. The Bt458 is a pin-compatible 
8-bit version. Also 125 MHz. Both TTL-compatible. 
Not ECL. 

And because they’re pin compatible, you can 
design one system that can be switched from 4-bit 
to 8-bit DAC resolution by exchanging just one chip. 

Just look at these features: On-chip 4:1 and 5:1 
Pixel Rate Converter, direct interface to frame buffer 
RAM, separate MPU interface, blink/blank registers 
and fully dual-ported RAM cells. 

Gee, do you think we should build a 250 MHz 


version, too? 


Now, ask for more information. 
We've told you a lot about our new RAMDACSs. But far 
from the whole story. For samples, call the Brooktree 
representative nearest you. His 
responsiveness will absotively 
amaze you. 
Brooktree Corporation, 
9950 Barnes Canyon Rd., 
San Diego, CA 92121. 
1/800/VIDEO IC 
TLX 383 596 
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The difference 
etween our Tons, 24-pin 
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If you need production quantities of 15ns, The PAL 24B Series. . 


-pin PAL’ ICs, there’s only one name worth There's really nothing else to compare i 

nowing. to. Unless you count the 10ns series we'll be 
Monolithic Memories. introducing soon. 
Our PAL 24B Series is available right now. For datasheets and samples, call us at 

t's pin-for-pin compatible with our PAL 24A (800) 247-6527, ext. 6005. 

eries, only 40% faster. And supported by Or write Monolithic Memories, 2151 

ALASM* CAD software. Mission College Blvd., Santa Clara, CA 95054. 
Here are the part numbers. PAL20L8B, PAL, PALASM and SKINNYDIP are registered trademarks of Monolithic 

AL20R8B, PAL20R6B and PAL20R4B. Memories, Inc. © 1986, Monolithic Memories, Inc. 
And here are the specs. Maximum propa- = 

ation delay, 15ns. Maximum current drain, Monoli hic MMi 

210mA. All ina 300 mil SKINNYDIP” package. Memories 

















The ZZZ.... ZL30 [ZL32| 

Logic Programmer 
= PNG CAS (eo) es) entoelencele) aa 
h—Speed Production system for P 


yey 


you the best of all worlds. A 
multi—functional, totally 
sophisticated tool designed 
with your needs firmly in 
mind and already 
acknowledged as the 
“industry standard”. 

Now you can have 
flexibility and speed in one 
high—speed production/ 
development system. 

The ZL30 in conjunction 
with CUPL* software, plus a 
PC makes the most powerful 
workstation for PALs* and 
IFLs. In fact the ZL30 is such 
a powerful combination 
that cloned lookalikes are 
inevitable. Don’t be fobbed 
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The ZL30 [ZL32] will give 


ai. 3O 


Cust pst 


off with pale imitations. 
Remember, there's only 
one Stag and there's certainly 
only one ZL30. 
= Complete Stand—alone. 
# Will program most 20, 24 
and 28 pin PAL*, EPLD and IFL. 
@ Includes Altera 40 pin 
EPLD. @ RS232C, IEEE—488 
Interfaces, plus parallel 
handler interface. @ Durable, 
function, Edit keyboard. 


Stag 


Stag Microsystems Inc., 
528-5 Weddell Drive, Sunnyvale, CA 94089. 
Tel: 408-745-1991. Telex: 910-339-9607. 








# Green Alphanumeric Display 
= Comprehensive Device 
Library ™@ Remote Control 
Option as standard. @ Carries 
out customer vector tests, 
product performance checks 
as well as a continuity check 
on the sockets. # Ultra high 
speed — to a degree that 
would make other 
manufacturers envious. 

@ An extremely low cost. 





Start Buzzing — Call 
Stag today. 


*CUPL — Assisted Technology. 
*PAL — Monolithic Memories Inc. 











NEWS BREAKS 


EDITED BY JOAN MORROW 
RAD-HARD 16k-BIT STATIC RAM MADE WITH CMOS PROCESS 


Boasting the greatest radiation hardness of any commercial CMOS memory, the 
HS-65262RH (16k-bit) static RAM from Harris Corp (Melbourne, FL, (305) 724-7800) 
resists latch-up from transient ambient radiation in excess of 2x10** rads(Si)/sec. It 
withstands a total radiation dose of at least 200,000 rads(Si). Functionally compatible 
with Sandia’s SA-3240 and Harris’s HM-652628, the HS-65262RH delivers typical access 
times of 100 nsec over —55 to +125°C and operates asynchronously at supply currents 
of only 6 mA/MHz max from a 5V source. In its low-power standby mode, the part 
draws less than 200 nA. Samples of the device are supplied in a 20-pin cerdip for $1000 
(100) for the Class-B version or $1395 (100) for the Class-S version.—Denny Cormier 








DUAL-PORT VIDEO-MEMORY TESTER TESTS AT 50 MHz 


The J957 Memory Test System from Teradyne (Canoga Park, CA) can test video RAMs 
at a system frequency of 50 MHz unrestricted and 100 MHz double-clocked. It has an 
accuracy of better than 1 nsec and capacitive loading of 350 pF. Because the system can 
test all parameters to spec, you can also use it for parts characterization and evalua- 
tion. Prices start at $350,000.—Margery S Conner 


MOTOROLA EXPECTS TO ENTER DSP MARKET IN THE THIRD QUARTER 


Motorola’s Microprocessor Products Group (Austin, TX, (518) 440-2039) expects to 
join the growing ranks of DSP-chip suppliers in the third quarter. The company’s first 
dedicated DSP product, the DSP56200, will provide either a dual- or single-channel 
finite-impulse-response (FIR) filter. When operating in its dual-channel mode, the chip 
will let you select as many as 128 taps per filter section. In the single-channel mode, 
as many as 856 taps will be available. Unused filter taps will provide general-purpose 
data storage in addition to the chip’s 512 internal RAM locations for temporary data 
and filter coefficients. The manufacturer projects a price of less than $25 per chip 
(1000).—Jon Titus 


SEEQ UNVEILS INDUSTRY’S FIRST CMOS 256k-BIT EEPROM 


Last month, Seeq Technology (San Jose, CA, (408) 942-1990) introduced the 28C256, 
the first 256k-bit (32k-byte) EEPROM made in CMOS. By applying its low-power CMOS 
1.25-um fabrication technology, Seeq has kept the part’s active supply current to 60 
mA from one 5V source; in standby mode, the 28C256 draws only 100 pA. The compa- 
ny’s high-endurance Q-cell design allows the 28C256 to support as many as 1,000,000 
write/erase cycles with an average write time of 160 psec per byte during the part’s 
64-byte page-write mode; maximum read access time is 250 nsec. Other features in- 
clude bulk chip erase, an on-chip timer, data polling, and power-up/-down protection. 
The 28C256 sells for $195 (100).—Denny Cormier 


CMOS CHIPS SHRINK PC/ AT SINGLE-BOARD COMPUTER SIZE 


Two CPU/peripheral controller ICs used in Faraday Electronics’ (Sunnyvale, CA) 
single-board computer line are offered for OEMs building PC and PC/AT bus-based sys- 
tems. The FH35000 is compatible with Intel’s 16-bit 80286 and is upward compatible 
with the 80586. The chip integrates 53 components and shrinks board size by 62%. It 
supports 6-, 8-, and 10-MHz clock speeds with zero wait states and can accommodate 
206K- and 1M-bit dynamic RAMs. The chip incorporates nonmaskable-interrupt and 
DMA refresh-control logic, an 82288-compatible bus controller, and an 
8284/82284-compatible clock generator. 
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Faraday also offers the FE2010, capable of reducing an 8088-based PC mother board 
by 77%. Both devices work in conjunction with the company’s PROM-based BIOS. The 
chips come in 84-pin J-leaded surface-mount plastic chip carriers. The FE20O10 is 
priced at $76, and the FE3000 sells for $45 (100).—_ Margery S Conner 


TWO COMPANIES INTRODUCE HIGH-SPEED CMOS GLUE LOGIC 


Despite the general slowdown in the TTL glue-logic market last year, two companies 
have introduced high-speed (greater than 50 MHz) CMOS versions of the widely used 
54/74 Series logic devices. Parts from both companies satisfy MIL-STD-883. 


Using its 1.2-u4m CEMOS process, Integrated Device Technology (Santa Clara, CA, 
(408) 727-6116) has started its 39C800 glue-logic line with three 9-bit noninverting 
devices: the IDT-39C823 bus interface register, the -39C8435 bus interface latch, and the 
39C863 bus transceiver. All three IDT parts cost $5.90 (100). 


VTC Inc (Bloomington, MN, (800) 882-2667), which released the first 80 of its 50 
high-speed 1.6-um CMOS V54/74 ACT glue-logic devices late last year, including 8-, 9-, 
and 10-bit buffers, latches, flip-flops, and transceivers in 20- and 24-pin DIPs, is now 
offering all 50 parts in sample quantities for $3.25 (100). In addition to improved noise 
margins over conventional TTL glue-logic devices, inputs to VTC’s ACT parts can with- 
stand 2000V of ESD.—Denny Cormier 


CHIP MULTIPLIES TWO 16-BIT INTEGERS IN 5 nSEC 


Having a typical 5-nsec multiply time, the B35018 chip from Bipolar Integrated Tech- 
nology Inc (Beaverton, OR, (503) 629-5490) operates on 16-bit words. An external con- 
nection lets you select a signed or an unsigned format for either integer or fractional 
values. The chip provides its 38-bit result in parallel; however, internal control circuits 
let you access the most-significant and least-significant words individually. You can 
force the chip to round or adjust the format of the multiplier’s result. The chip’s over- 
flow, zero-status, and negative-sign flags are held in an internal status latch and are 
available separately on three output pins. The manufacturer expects to offer samples 
of themultiplierin al08-pin PGA packagein Junefor $200 and $300 per chip.—_Jon Titus 


FERROELECTRIC MEMORY CELLS PROMISE FAST, NONVOLATILE RAMs 


Ramtron (Colorado Springs, CO, (303) 594-4455) has developed a potassium-nitrate 
(K,NO,) thin-film cell. The company is sampling a 1k-bit, undecoded, nonvolatile 
memory array with 15-um-square bit cells, which furnish access times of less than 20 
nsec. The company has tested cells as small as 2-um square and claims access time is a 
function of feature size and that subnanosecond access times are feasible with conven- 
tional lithographic techniques. Each memory cell is composed solely of a capacitor, 
formed by metallizing plates on the top and bottom surfaces of a thin film of potassi- 
um nitrate. When the film is heated to approximately 125°C, the potassium-nitrate 
molecules become electrical dipoles and exhibit ferroelectric properties that remain af- 
ter the film is cooled. : 


An electric field applied to the thin-film capacitor orients the dipole up or down de- 
pending on the applied field polarity, which varies the cell capacitance. At a 2000A 
film thickness, less than 4V generates a field strength adequate to flip the dipole orien- 
tation, making the device compatible with integrated circuitry. Once oriented, the 
dipole maintains polarity even in the absence of an electric field, resulting in nonvola- 
tility. The company plans to offer fully operational, high-speed, nonvolatile RAMs by 
the end of this year. —Steven H Leibson 


20 EDN April 17, 1986 





Think about it- three raster scan DACs ona 
single chip. TR W LSI Products Division, the 
industry leader in high performance D/A 
converters has just produced a TRIPLE 4- 
bit DAC ona single bipolar monolithic 
chip—the TDC1334. It offers designers a 
significant reduction in CRT driver circuit 
design time. 


We've reduced everything but the perform- 

ance. The TDC1334 operates at 125MSPS 

with an on-chip reference. The power 

dissipation (1.5W max) is lower than three 

individual DACs combined and it can be 

operated in a TTL environment. Check out 

these other features: 

¢ RGB complementary current outputs 

¢ ECL compatible inputs 

e Linearity error less than 1/8 LSB 

¢ Registered data sync, blank and bright 
inputs 

¢ Operates from a single —5.2V power 
supply 

¢ Available in a 28 lead ceramic or 
CERDIP package 


In addition, the low price of $35.00 (U.S. 
dollars in 1000s CERDIP) will add to your 
overall design savings. 


The TDC1334’s monolithic construction 
enables designers to minimize and sim- 
plify board space and layout, reduce com- 
ponent requirements and reduce design 
time -a major cost factor in any system. 


The TDC1334 is your one-chip solution to 
high volume production of CAD/CAE 
workstations, computer and business 
graphics, image processing and high 
resolution video. And TRW LSI always 
supports you with field and in-house appli- 
cation engineers, application notes and 
spec sheets. The DACs are available now 
from Arrow Electronics, Hall-Mark, and 
Hamilton/Avnet. 


Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 


Contact our Literature Service Department 
for a full data sheet and start reducing 


your design time now. Call or write: 


LSI Products Division, 

TRW Electronic Components Group, 
P.O. Box 2472, La Jolla, CA 92038, 
619.457.1000 


In Europe, call or write: 

TRW LSI Products, 
Konrad-Celtis-Strasse 81, 

8000 Muenchen 70, W Germany, 
089.7103.115 


In the Orient, phone: 
Hong Kong, 3.856199; 
Tokyo, 03.461.5121; Taipei, 751.2062 


©TRW Inc. — 1985 TRS-5108 
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LSI Products Division 
TRW Electronic Components Group 





NEWS BREAKS: INTERNATIONAL 


BY PETER HAROLD 
LOGIC ANALYZER SUITS INVESTIGATION OF 32-BIT SYSTEMS 


The PM3570 modular logic analyzer from Philips (Kindhoven, The Netherlands, TLX 
51573) provides you with as many as 86 state-analysis channels and operates at clock 
speeds as high as 20 MHz. It has a $2-channel 100-MHz transitional timing analyzer, 
which you can reconfigure to provide several channel-number/frequency combina- 
tions, including 8-channel/400-MHz and 16-channel/200-MHz operation. Alternative- 
ly, you can use the timing section to implement an additional 38 state-analysis chan- 
nels, to provide a total of as many as 115 state channels. The state and timing sections 
have cross-trigger/arm and time-correlated capabilities, with simultaneous display of 
state and timing information. Both the PM3570 and the entry-level PM35565, which can 
be fully upgraded to the PM3570 specification, feature software performance analysis 
and are priced from approximately HF1 25,000. 





PC-BOARD CAD SOFTWARE HANDLES 16-LAYER BOARDS 


Priced from £8000 and £12,000, the Ranger pc-board CAD software from Seetrax 
(Hayling Island, UK, TLX 865772) provides interactive or fully automatic component 
placement and routing of pc-board designs on IBM PC/AT, Olivetti M24-SP, or compati- 
ble computers. The system handles board sizes as high as 32.76 in. square with a 
working resolution of 0.001 in. You can design with as many as 16 track layers and 16 
different track widths. Post-routing design-rule checks include automatic checking of 
track width, pad size, clearance, and connectivity. With a mouse, you can enter circuit 
data either as a schematic diagram or as a net list. In addition to generating the pc- 
board and solder-resist art, the CAD software produces circuit schematics, assembly 
drawings, parts lists, and NC-drill tapes. 


FREQUENCY INVERSION IC SCRAMBLES VOICE-BAND COMMUNICATIONS 


The FX204 variable split-band frequency inversion IC from Consumer Microcircuits 
Ltd (Witham, UK, TLX 99388) allows you to scramble speech transmissions, making 
them unintelligible to unauthorized listeners. Operating over a 35400-Hz bandwidth, 
the IC uses switched-capacitor filters to split the voice band into high- and low- 
frequency bands; balanced modulators invert each frequency band around its own 
center frequency. You can externally program the split point to 38 different frequen- 
cies, suiting the device to fixed programmable or rolling-code speech scramblers. The 
IC can handle the input or output of synchronization tones if necessary. Fabricated in 
5V CMOS, which suits it for use in battery-powered communications equipment, the IC 
comes in a 24-pin DIP or surface-mount package and sells for £8 to £9 (1000). 


MAJOR VME BUS MANUFACTURERS ENDORSE VSB-BUS 


Philips (Eindhoven, The Netherlands), Plessey Microsystems (Towcester, UK), 
Thomson Semiconductors (Paris, France), and the originator of the VME Bus, Motorola 
(Phoenix, AZ), have jointly announced their commitment to support VSB (VME 
Subsystem Bus) as the preferred local extension bus for VME Bus systems. Developed 
by a working group of the IEC in conjunction with these companies and VITA (the 
VME Bus International Trade Association), the VSB is an amalgamation of the best fea- 
tures of the VMX Bus and Motorola’s MVMX3@ Bus, which it developed to support the 
68080 uP. 
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THE FIRST NAME IN DIGITAL SCOPES 





The Past. Nicolet digital oscilloscopes can record 
the history of your signal before the trigger point. 
Examine what preceded an event as well as the event 









itself. Use expansion to analyze the signal in detail 
at up to 100 times the resolution of an analog scope. 
Store the signals on floppy disk or bubble memory for 
future recall and reference. Or plot 
them out in report ready format. 
The Present. Compare live signals 
ee with each other or with previously 
stored signals. Store any signal with 
the touch of a button and use voltage and time numeric 
display for exact comparisons. You can even display 
related signals as functions of each other instead of 
time. Manipulate waveforms using the scope’s built-in 
programs or transmit them to a computer and back 
for display. 
The Future. Expecting a transient? Set-up your 
Nicolet scope to capture it while you’re away! Some 
models can even capture a sequence of events and store 


them on disk or bubble memory automatically oy 
for instant recall and display. 


Get Results First Time, Everytime. Don’t 
miss important data because of set-up error. Nicolet 
scopes are easy to use. Find out how they can be the 
quickest solution to your signal problems. For more 
information, write Nicolet Oscilloscope Division, 5225 
Verona Road, Madison, WI 53711. Or call 608/273-5008. 





c= Nicolet 


For more information circle 40 93 
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3 KHz-800 MHz 
over 50 off-the-shelf models 


from $295 


Choose impedance ratios from 1:1 up to 36:1, 

connector or pin versions (plastic or metal case built 

to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 

up to 1000 M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


“units are not QPL listed 





aval 
computer-automated 
A Division of Scientific Components Corporation 
pe mance data World's largest manufacturer of Double Balanced Mixers 






P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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10 to 25 


from $1999,.,, 1211 (500 qty. ) 


Now, for your wideband systems design, under —$20.00 
SPST and SPDT pin diode switches that operate over the 
10 to 2500 MHz range with less than 1 dB (typ.) 
insertion loss at 1OOO MHz, 1.5 dB at 2500 MHz. 


No waiting, immediate delivery... with one year guarantee. 
Call or write for our catalog or see our catalog in the 
Gold Book, EBG, EEM or Microwaves Product Data Directory. 


SPECIFICATIONS for 


Hz 


PSW 1111 (SPST) and PSW 1211 (sppT) 
ZMSW 1111 and ZMSW 1211 


FREQUENCY RANGE 


INSERTION LOSS 
10-2000 MHz 
2000-2500 MHz 


ISOLATION 
10-500 MHz 
500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 


SWR 

SWITCHING SPEED 
MAXIMUM RF INPUT 
CONTROL 

OPERATING TEMPERATURE 
STORAGE TEMPERATURE 
PRICE (6-24) 


PSW 1111 $29.95 
PSW 1211 = $29.95 


10-2500 MHz 


1.7 dB max. 
2.7 dB max. 


40 dB min. 
30 dB min. 
25 dB min. 
20 dB min. 


1.5 max. (“on” state) 


1 psec. (max.) 
+20 dBm 

+5 V (5 mA max.) 
— 54°C to +100°C 
—54°C to +100°C 


(1-4) 
ZMSW 1111 $59.95 
ZMSW 1211 $59.95 












A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 C80 REV.B 
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Reliability 


is your obvious first requirement in 
this vital link between your product 
and the outside world. At Ven-lel 
—with 12 years experience and 
millions of modems designed and 
shipped—we don't take reliability 
for granted...SO you can. 


Compatibility 


with industry standards. All Ven-Tel 
modems utilize the industry stan- 
dard “AT” command set, guaran- 
teeing compatibility with virtually all 
types of software. And every Ven-lel 
custom modem is fully compatible 
with our complete line of standar 
desktop and PC internal modems. 
We also meet Bell 212A and 
CCITT V.22bis standards in speeds 
up to 2400 baud. 








sores 


sate 


ne 


nsepeeiss 


uick Turnaroun 


is more than a phrase to us. We've 
built a reputation for meeting prod- 
uct deadlines among some of the 
nation’s largest and most demand- 
ing manufacturers. From start to 
finish in as little as 90 days, Ven-lel 
can help you get your product to 
market quickly. You can even begin 
development using our standard 
modules while your design Is 
being finalized. 








absolutely, ... 
need reliable 
modems... 



























your modem Is your choice. From 
our standard off-the-shelf boards, to 
complete custom design, to licens- 
ing our proprietary CMOS chip 
design (for quantities in excess of 
100,000 annually), we guarantee the 
right modem solution based on 
your deadline, design and volume 
requirements. Custom hardware 
configurations and firmware give 
you maximum freedom for inte- 
grating the modem into your overall 
product design. 


Compact Size 


look at | 





is an important requirement in 
applications like credit check ter- 
minals, portable computers and 
trouble monitors. Ven-lel modem 
density is state-of-the-art to provide 
excellent “real estate” value, with 
complete auto-dial/auto-answer, 
AT compatible, 212A modems— 

in as little as 12 square inches. 
With power requirements as low 


~ as S00mW. 


Competitive 





ee ee 


Pricing 

makes the Ven-Tel custom modem 
package one definitely worth looking 
into. For quotations based on your 
modem specs or a discussion with 
our experienced OEM sales engi- 
neers, call 800/538-5121 (outside 
California). In California, call 
408/727-5721. Or contact us for our 
custom modem brochure: 

Ven-Tel, OEM Products Division, 
2342 Walsh Avenue, 

Santa Clara, CA 95051. 





Your wait for 16 and 32 bit 
“WAIT STATE FREE” 
VMEbus CPU’s is over. 


Force Computers latest addition to its series of VMEbus CPU’s 
features the popular 68020 at 16.67 MHz with zero wait states 
into 512 or 1024 KBytes of local RAM. Our design is so advan- 
ced that you will be able to accomodate speed improvements on 
the 68020 to 20 MHz without running into any “Wait States”. 
NONE. 


If your design calls for massive number crunching, we have good 
news for you. Our FPU runs at the same speed as the MPU. 


If you don’t like to wait, use our free advanced FORCEbug 
monitor. A one line assembler/disassembler for 68020 and 
68881 with upload and download capabilities, self test, and 
memory test is included. Free. Built-in macro commands and 
benchmarks will give you the first glance at true 32 bit “NO WAIT 
STATE” performance. 
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Incorporating a touch activated display 
into your system shouldn't be an after- 
thought. Adding touch is the best way to 
make your product truly interactive, easier 
to use, and better suited for the real world. 

It’s no wonder that touch is growing in 
popularity. And used in a wide range of 
applications —from interactive video dis- 
plays in stores, banks, airports, and hotels 
to specialized systems in hospitals, training 
facilities, and factories. 

But it’s important to add the right touch. 
That’s why Carroll Touch developed the 
Smart-Frame™ line of low-cost scanning 
infrared touch systems. Featuring a power- 
ful, built-in microcomputer, these add-in 
units provide exceptional functionality and 

S - reliability at the right price. Just the right 
Start with the right touch. touch for a great design. 


Discover more about Smart-Frame 


Finish with a great design. products. Contact Carroll Touch today. 













(cit Schaeta; K, Biown A ues aga ie Ba 


Ce 


i" 








PLEASE TOE iN FORE 
PERR GT, TREMTLETOAT ION FRARER 
fale THER TORR RATER 





Carroll Touch 


a subsidiary of AMP Incorporated 
id 


(ENTER 4 BICITS) In Touch with Technology 


Lael P.O. Box 1309 
a) Round Rock, TX 78680 
512/244-3500, Telex 881906 


Carroll Touch and Smart-Frame are 
CIRCLE NO 110 trademarks of Carroll Touch, Inc. 








SIGNALS & NOISE 








US IC manufacturers ignore 
the.ZIP at their peril 


Dear Editor: 
As a component engineer, I’ve seen 
US manufacturers of ICs make 
some costly mistakes in packaging. 
Over the last several years, the 
most common mistake they’ve made 
is to put memories in unnecessarily 
long DIPs—DIPs too long to allow 
engineers to fit everything they 
needed to on a pc board. Instead of a 
0.045-in. maximum overhang from 
the centerline of the end pins to the 
edge of the package (half-lead 
style), which would allow for maxi- 
mum packing of memory arrays, 
manufacturers used a package with 
an overhang of 0.050 in. or more. We 
found the memories we needed in 
short packages, though—in Japan. 

It looks as if we’re ready to hand 
Japan another victory. Many US 
manufacturers (especially the larg- 
est) are refusing our requests for a 
new package, while the Japanese 
are responding positively. 

High-performance applications, 
such as ours at Intergraph, are 
often the proving ground for the 
latest ICs and, periodically, the lat- 
est packages. PGAs and SMDs have 
been discussed a lot lately, but a 
new package is poised to steal many 
of the SMD’s applications. The ZIP 
(zigzag in-line package) offers 
greater density and is less expen- 
sive and easier to implement than 
are SMDs. 

PC-board area is usually at a pre- 
mium in high-performance applica- 
tions. Although SMDs use consider- 


ably less space than do DIPs, ZIPs. 


use even less space. An added bonus 
for pc-board designers is the easy 
straight-line routing of ZIP memory 
arrays. 

Further, ZIPs use traditional sol- 
dering equipment and existing or 
modified SIP-insertion equipment. 
In contrast, SMDs require new 
equipment for both operations. 

The only drawback ZIPs appear 
to have is that their pin count will 
probably peak at 24 or 28 pins, 
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which isn’t really much of a limita- 
tion. High-performance dynamic 
RAMs, static RAMs, PROMs, 
PLDs, and glue parts, consisting 
mostly of 8-, 9-, or 10-bit-wide parts 
for bus applications, will fit easily in 
a 16- to 28-pin ZIP. (See the accom- 
panying illustration, which depicts a 
ZIP for a 256k-bit dymanic RAM.) 
The ZIP package is a definite 
winner in high-performance applica- 
tions. US IC manufacturers had 
better wake up to that fact before 
they lose another proving ground 
and the revenue that goes with it. 
Sincerely yours, 
M Tony Young 
Huntsville, AL 





Engineers need 

clerical help 

Dear Editor: 

I enjoyed your editorial “Cut out the 


paperwork” (EDN, October 31, 
1985, pg 45). The problem is all too 
true. I have been an engineer in 
industry for 36 years, and during 
that time I have repeatedly been 
amazed and disheartened by the 
amount of clerical work and unnec- 
essary paperwork required of us en- 
gineers. 

Today, for example, I spent 15 
minutes at the copy machine, 20 
minutes running my own prints, 30 
minutes filing new changes in speci- 
fication books, 20 minutes trying to 
find a catalog in the library file, 10 
minutes filling out company forms, 


etc. 
Continued on pg 34 
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For less than $10,000, 
you can add the Tek 
6130 and turn your | 
4100 color graphics ove 
terminal into a 32-bit | 
workstation. It's a 
combination that lets 
you configure a higher 
performance, stand- 
alone system in 
RS-232 environments. 
Standard features of 
the 6130 include the 
UTek operating system 
—an extremely power- 
ful yet friendly version of Unix 


The 32-bit Tektronix 6130 supports Tek’s 4100 
family of desktop terminals and the 4692 high- 
performance color copier. 


and remote login 


—as well as 20 MB hard disk: to access 

360 KB integrated flexible disk; other workstations. 
1 MB of parity RAM; Local The optional 
Area Network (LAN) port; and Casual User 


GPIB port. 


To increase your pro- 
ductivity, UTek features an 
efficient Distributive File 
System (DFS). It minimizes 
the number of operating sys- 
tem calls needed to perform 
standard Unix communica- 


Interface (CUI), a 
highly interactive 
menu-based pro- 
gram, enables 
you to perform 
basic system 
activities without 
detailed knowl- 





tions. In addition, UTek offers edge of the Unix 
you productive features like command syntax. 
electronic mail, network sup- Five fully inte- 
port, line and screen editors, grated applica- 
tion systems are 





now available for 
the 6130. These 
preconfigured 
systems offer the 
hardware and 
software you need 
for applications 
such as computer 
aided-drafting, 
technical data 
analysis and pre- 
sentation, and 
Unix software 
development. 


Because all 

the applications 
systems are 
built around 

Tek products, 

you re assured 

that they conform 

to industry 

standards for 

future growth. 


Connect a 4120 Series terminal 
to a 6130 for additional power 
and flexibility. 








Both the 6130 and 
6130S Application 
Systems provide 
excellent commu- 
nication capability 
with other computers 
via Ethernet and 
RS-232-C links. You 
can communicate with 
other workstations at 
speeds of up to 1 
megabit per second. 
Or download software 
from other hosts by 





Choose from five fully integrated applications 
systems for the 6130 including the TekniCAD draft- 
ing system shown here. 





using standard utilities, and 
execute it locally for fast, inter- 
active response times. 


And, like all Tek products, 
the 6130 and 6130S Applica- 
tion Systems are supported 
worldwide by a network of 
Tektronix sales and service 
professionals. The result: hard- 
ware and software you can 
count on. 


To find out how you can add 
more power to your design — 
environment, contact your 
local representative about the 
32-bit Tek 6130 and 6130S | 
Application Systems. Call _ 
1-800-547-1512. In Oregon, 
1-800-452-1877. 


Tektronix 


COMMITTED TO EXCELLENCE 
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Don't buy another 
Signal Transformer 
until you read this: 


Compare Prem’s price of $8.35 
on its SPW-306 to Signal’s price 
of $8.97 on its LP 40-300". Why 
pay more? Get a Prem quote 
today on your par! number 
to see how much you can 


+FREE Catalog with cross 
references 


save. Your competitors are. 


"Both prices 10-24 quantities. 
source: Signal Transformer 


PRIM 


MAGNETICS, 
INCORPORATED 


35241 North Chapel 
Hill Road 

McHenry, IL 60050 

815-385-2700 

TWX 910-642-3763 


r Prices subject to change 
without notice. 
: +For immediate technical 


data, see Vol. 1 1985/86 
EEM or Vol. 2 1985/86 
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“THE oto] o] Elo , [0] |e = 
OF WISE 
DECISION 
MAKERS.”’ 


UiwS co 


CMOS 8085 nt 


AND PERIPHERAL CHIPS 


CA80C85 _—s8-bit 8085 Compatible Microprocessor 
CA82012 8-bit 1/0 Port 
CA82C54 Programmable Interval Timer 
CA82C59 Programmable Interrupt Controller 
CA01C50 = Clock/Calendar 
For complete information on — package options 
— speed options 
— extended temperature and MIL spec product 
Call Nick Keeble at (613) 836-1014 or in the USA 1-800-267-7231 


CALMOS. 


Calmos Semiconductor 
20 Edgewater St., Kanata, Ont., K2L 1V8 TIx: 053-4501 
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SIGNALS & NOISE 





I think the problem has to do with 
corporate cultural taboos and status 
symbols. It is taboo for any engi- 
neer or engineering group to be 
provided with administrative or 
clerical assistants on a full-time 
basis. In fact, even to ask for such a 
thing is likely to get you classified as 
someone who “doesn’t work well 
with facilities at hand” or “isn’t pro- 
ductive without assistance.” The 
corporate culture—and this prob- 
lem is widespread throughout engi- 
neering companies—considers the 
engineer a body that generates cer- 
tain outputs when given certain in- 
puts, as a computer does. Comput- 
ers don’t need assistants. Neither 
do engineers. 

Status is important, and balanc- 
ing status so that no one feels dis- 
criminated against is even more im- 
portant. An assistant, who would 
be a status symbol, cannot be tole- 
rated. 

The fact remains that the produc- 
tivity of most engineers could be 
increased by 50% by eliminating dog 
work and most of the paperwork. 
It’s surprising that for so many 
years the US corporate culture has 
put a higher value on status than on 
productivity and profit. 

You can be sure that engineers 
who own and run their own compa- 
nies have their own secretaries and 
other assistants. But companies 
don’t perceive the need for this type 
of help at the lower engineering 
levels, and that’s a mistake. 

Your editorial should shake up 
some of the people who make this 
mistake. Keep punching away at the 
subject. It’s important to the nation 
and to us engineers who are rele- 
gated to being our own clerks and 
gofers. 

Name withheld upon request 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, New- 
ton, MA 02158. We welcome all com- 


ments, pro or con. All letters must be 
signed, but we will withhold your name 
upon request. We reserve the right to 
edit letters for space and clarity. 
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SPRAGI | f Sprague Series 200Z Modular Power Supplies meet a wide variety of needs at low 


cost. They’re compact— measure but 2” x 2.5” x 0.9". They offer economical dc-to-de 


conversion 
MODULAR POWER SUPPLIES © 
voltage 
KOR DISPL AY’ S. displays (planar gas-discharge, electroluminescent, and vacuum- 
fluorescent), liquid crystal displays, CMOS-based systems, 


and many other applications requiring nonstandard voltage levels. The versatility provided by both open-frame and 
encapsulated modular construction is further enhanced by options that include over-voltage protection, output-shutdown 
and output-voltage adjustment. Input voltages: 5 to 48 VDC. Single or dual output voltages: 12 VDC to 400 VDC. 
Delivery from stock or up to 4 weeks ARO. Sprague Electric Company, a Penn Central unit, Worldwide Hdatrs., Lexington, 
MA. For applications assistance and prices, contact our Customer Service Center at 209/732-4585. 

For technical information, write for Brochure VS-111A to Technical Literature Service, Sprague 


Electric Company, 41 Hampden Road, Mansfield, MA 02048-1807. 
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Argentina: Buenos Aires, Tel. 541-7141/7242/7343/7444/7545. Australia: Artarmon, Tel. (02) 439 3322. Austria: Wien, Tel. 6291 11. Belgium: Bruxelles, Tel. (02) 242 7400. 
Brazil: Sao Paulo, Tel. (O11) 211-2600. Canada: Scarborough, Tel. 292-5161. Chile: Santiago, Tel. 39-4001. Colombia: Bogota, Tel. 2497624. Denmark: Copenhagen, Tel. 
(01) 5411 33. Finland: Helsinki, Tel. 17271. France: Paris, Tel. 43388000. Germany (Fed. Republic): Hamburg, Tel. (040) 3296-0. Greece: Athens, Tel. 9215311/319. Hong 
Kong: Kwai Chung, Tel. (0)-2451 21. India: Bombay, Tel. 4930311/4930590. Indonesia: Jakarta, Tel. 512572. Ireland: Dublin, Tel. 693355. Italy: Milano, Tel. 2-67521. Japan: 
Tokyo, Tel. (03) 230-1521. Korea (Republic of): Seoul, Tel. 794-5011. Malaysia: Kuala Lumpur, Tel. 774411. Mexico: Toluca, Tel. 91 (721)613-00. 
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Pe re anon ome See en eR ee Tare A 


One standard. Zero defects. 


From IC people committed to quality. 


Some IC companies talk about defect standards of 

500 ppm as if they were proud of them. At Philips, we 
have a different philosophy: one defect is one too many. 
So zero defects is the standard we’ve set for our ICs. And 
the warranty for that standard goes like this: when you 
receive IC components from Philips, if you find a single 
defect in that batch, we’ll take them all back for re- 
screening or replacement. The reason we can offer this 
warranty is that after 100% testing, we sample every 
batch. If we find a single defect, that batch isn’t delivered. 

The Philips IC activity is absolutely committed to a 
standard of zero defects. We have been for some time, in 
fact. In 1980, we instituted a rigorous 14-point program 
aimed at preventing mistakes — rather than correcting 
them. Since then, the program has evolved until it’s now 
more than a program: it’s a state of mind shared by 
everyone, from the design offices to the despatch 
department. 

It’s a state of mind marked by a determination to 
prevent all defects. By working with you and examining 
rejects, we'll carry zero defects beyond a standard to a 
reality. You’ll find that same commitment to quality 
throughout Philips. That applies whether we’re designing 
a VLSI chip containing more than 100 000 transistors, 
meeting delivery schedules, double-checking the 
accuracy of our paperwork, or simply getting your name 
right when you telephone us. 

So while many IC companies are bragging about a 
standard of 500 defects per million, the people at Philips 
are working their way towards zero. And when you put 
your trust in that kind of individual commitment, you 
can’t lose. 

To find out more about the ways in which the Philips 
IC Zero Defects Standard can help you, contact your 
nearest Philips National Organisation and ask for more 
information. 


When youre offered zero, why settle for less? 


One standard. Oauetects. 





Netherlands: Eindhoven, Tel. (040) 793333. New Zealand: Auckland, Tel. 605-914. Norway: Oslo, Tel. 680200. Peru: Lima, Tel. 326070. Philippines: Makati-Rizal, 
Tel. 86-89-51 to 59. Portugal: Lisboa, Tel. 6831 21. Singapore: Singapore 1231, Tel. 3502000. South Africa: Johannesburg 2001, Tel. 614-2362/9. Spain: Barcelona, 
Tel. 30163 12. Sweden: Stockholm, Tel. 08/7821000. Switzerland: Zurich, Tel. 01-488 22 11. Taiwan: Taipei, Tel. 7120500. Thailand: Bangkok, Tel. 233-6330-9. Turkey: 
Istanbul, Tel. 4359 10. United Kingdom: London, Tel. 01-580 6633. United States: Sunnyvale, California, Tel. (480) 991-2000. Uruguay: Montevideo, Tel. 91 43 21. Venezuela: 
Caracas, Tel. (02) 2393931. 


PHILIPS 
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SHOGYO 


THE ANSWER TO YOUR 
CURRENT PROBLEMS. 


Need transformers or wall-mount plug-in 
adapters? Call Shogyo. 

Need line matching, lamp ballast, power and 
telephone coupling transformers? With lead wires, 
solder or PC terminals? Channel mount and in-line? 
Regulated or unregulated? UL/CSA approved? Call 
Shogyo. 

You want quality, but your budget Is tight? Your 
specifications are tough to fill, but you can’t afford to 
wait for months? Call Shogyo. Here’s why: 

Quality Control: As a manufacturer, we can 
ensure product quality and reliability. 

Pricing: You'll like our low manufacturer prices. 

Complete Custom Design Capabilities: We 
produce for unique specifications. 

Fast Deliveries: We deliver transformers, not.excuses. 
Write or call for a FREE CATALOG. 
Shogyo International Corporation, 
287 Northern Boulevard, Great Neck, 
N.Y¥.11021 (516) 466-0911 
Telex: 12218 & 4758024 
Cable: “SHOGYONEWYORK’”, Fax: (516) 466-0922. 








Specify Shogyo. Electronic components as good as your design. 
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J Telex 5101012668 m 


10-Day Money-Back Acceptance Period. 
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Products Corp. 
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(516) 231-3366/TWX 510-227-4905 









THE FIRST NAME IN 
MAGNETIC MATERIALS 
THE [AST WORD 

IN SERVICE 


Basically, PERMAGS got the largest, 
most comprehensive inventory of 
magnetic materials anywhere in the 
world. And a su pport staff of salesmen 
and customer service representatives 
going into the field and taking orders all 
the best known name in magnetic 
materials. Our salesmen arent just 

| 

| 

| 

| 

| 

| 

| 

| 


across the U.S.A. But if we stopped at 
the basics we never would’ve become 







&PERMAG 


For one of our new catalogs or to see a salesman, mail the coupon. 
For faster assistance call toll free 


T -800-346-6600 | EXT.  . 


PERMAG CORP. 400 Karin Lane, Hicksville, NY 11801 


LJ] Have salesman call L] Please send me your latest Catalog 


NAME 
COMPANY 
ADDRESS 


CITY STATE 


PHONE 


- PE RMAG 





friendly faces: they're resources, fully trained 

IN a rigorous program at our on-going training 
facility in Chicago. And our customer service 
representatives arent just telephone 
voices: they're experienced consultants 
whove helped many customers resolve 
tough fabrication and application 
problems. At PERMAG, we make sure 
a you re not just supplied, but satisfied. 


CALENDAR 


6th International Workshop on 
Expert Systems and their Applica- 
tions, Avignon, France. Agence de 
Informatique, Tour Fiat, Cedex 
16, 92084 Paris-La Defense, 
France. (831) 47-96-43-14. April 28 
to 30. 





Speech Tech ’86, New York, NY. 
Media Dimensions, 42 E 23rd St, 
New York, NY 10010. (212) 583- 
7481. April 28 to 30. 


Comdex/Spring, Atlanta, GA. In- 
terface Group, 300 First Ave, Need- 
ham, MA 02194. (617) 449-6600. 
April 28 to May 1. 


Dexpo South (DEC-Compatible 
Exposition and Conference), Dallas, 
TX. Expoconsul International, 3 In- 
dependence Way, Princeton, NJ 
08540. (609) 987-9400. April 28 to 
May 1. 


Technical Project Management 
Techniques (short course), Milwau- 
kee, WI. Peter Tocups, Center for 
Continuing Engineering Education, 
University of Wisconsin-Milwau- 
kee, 929 N 6th St, Milwaukee, WI 
538208. (414) 224-3952. April 28 to 
May 1. 


IEEE Applied Power Electronics 
Conference and Exhibit, New Or- 
leans, LA. Melissa Widerkehr, 
APEC, 655 15th St NW, Suite 300, 
Washington, DC 20005. (202) 347- 
5900. April 28 to May 2. 


Programming in Lisp and Prolog, 
Boston, MA. Integrated Computer 
Systems, Box 45405, Los Angeles, 
CA 90045. (800) 421-8166; in CA, 
(800) 852-8251. April 29 to May 2. 


Design to Test (short course), Mil- 
waukee, WI. Peter Tocups, Center 
for Continuing Engineering Educa- 
tion, University of Wisconsin-Mil- 
waukee, 929 N 6th St, Milwaukee, 
WI 53208. (414) 224-3952. May 1 
to 2. 
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If you 1 know the type of power supply - 
you need call the appropriate number 
below for our new Catalogs. If you need 
technical assistance, just ask. You'll get it. 
CC 7 LINEAR PRODUCTS 
Ger 9 Million Custom Units  Pinduced : (800) 235-5943, Ext. 113 
Our basic philosophy in responding to special needs From CALIFORNIA: (800) 421-3439, Ext. 113 


issimple... offer the lowest possible cost and lead time sg ona ata yee ge 


while guaranteeing POWER-ONE quality in every unit From CALIFORNIA: (800) 523-2534, Ext. 233 
we build. That's why customers worldwide have turned : . 
to POWER-ONE for answers to unique design problems. Innovators in Power Supply Technology 


And why they keep coming back. 


The Right Choice for Your Product 

There is never a danger of “second-best” at POWER- 
ONE. Since our world-approved line of standards 0.6. Power SUPPLIES 
includes both linears and switchers, we not only know the POWER-ONE LINEAR PRODUCTS 


740 Calle Plano * Camarillo, CA 93010-8583 ¢ (805) 987-8741 
technology that best suits your special needs, but we have POWER-ONE SWITCHING PRODUCTS 


the capabilities to provide it! 833 Flynn Road * Camarillo, CA 93010-8702 * (805) 482-0757 


See Us at Electro 2351-2353 CIRCLE NO 114 


_Wheres the control if the relays stick? 
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INTERFACE PRODUCTS 
ITS IT ALL TOGETHER! 


Illuminated keyboards, annunciators 
and edgelighted panels. Integrated displays, 
digital readouts and special components. 
Custom or standard. Whatever your man/ 
machine interface requirement, Interface 
Products can design and build-it—from 
the entire black box to individual 
components. 
Interface Products provides 
products for use in military, aero- 
space and commercial applications. 
From avionics displays to process 
controls, our products provide 
a reliable and functional inter- 
face between the operator and 
the system. 
' Need bright solutions for your inter- 
‘face requirements? Let Interface Products 
put it all together for you. Call or write 
today for complete information. 


INTERFACE 
PRODUCTS, 
INC. 
2185 S. Grand Avenue, Santa Ana, CA 92705 
(714) 549-4977 © TWX 910-595-2569 
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CALENDAR 


Interfacing the IBM PC with the 
STD Bus for Instrumentation, 
Data Acquisition and Control 
(short course), Indianapolis, IN. 
Pat Fox, Purdue University, School 
of Engineering and Technology, 799 
W Michigan St, Indianapolis, IN 
46202. (817) 264-2534. May 1 to 3. 








36th Electronic Components Con- 
ference, Seattle, WA. Tom Pilcher, 
Publicity Chairman, Mallory Capac- 
ity Co, Box 372, Indianapolis, IN 
46206. (817) 261-1306. May 5 to 7. 


Canadian High Technology Show, 
Ottawa, Canada. International Mar- 


keting Services, 1030 S LaGrange 


Rd, LaGrange, IL 60525. (312) 354- 
3900. May 6 to 7. 


Grounding and Shielding (short 


course), San Jose, CA. Interference 
Control Technologies, Box D, 
Gainesville, VA 22065. (7038) 347- 
0030. May 6 to 9. 


Programming in Lisp and Prolog, 
Palo Alto, CA. Integrated Comput- 
er Systems, Box 45405, Los Ange- 
les, CA 90045. (800) 421-8166; in 
CA, (800) 352-8251. May 6 to 9. 


Programming in Lisp and Prolog, 
Toronto, Canada. Integrated Com- 
puter Systems, Box 45405, Los An- 
geles, CA 90045. (800) 421-8166; in 
CA, (800) 352-8251. May 6 to 9. 


Association for Systems Manage- 
ment Annual Conference, New Or- 
leans, LA. Association for Systems 
Management, 24587 Bagley Rd, 
Cleveland, OH 441388. (216) 248- 
6900. May 11 to 14. 


American Consulting Engineers 
Council (ACEC) Annual Conven- 
tion, Orlando, FL. ACEC, 1015 
15th St NW, Washington, DC 
20005. (202) 847-7474. May 11 to 15. 


Optical Storage Forum, Denver, 
CO. Cartlidge & Associates, 11018 
Winchester Blvd, Suite M-259, San 
Jose, CA 95128. (408) 554-6644. May 
12 to 14. 
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Today’s designs must 

nthe world. Be sure 

- aCMOS supplier whose 
=p. world-class challenge. 















“One, nobody has more 
military and JAN- -qualified 
MOSPOWER than Siliconix. 


ee two, they can deliver now.” 


Our commitment to the hi-rel and mili- 
tary market is well-known. And we’ve just 
reaffirmed our market leadership with 16 
new JAN-qualified MOSPOWER devices for 
power conversion and motion control appli- 
cations. They’re available now. Off the shelf. 
Like all Siliconix parts. 


To place an order call our local sales offices. Central U.S.: Illinois, 312/960-0106, Ohio, 216/835-4470, Texas, 214/385-4046 Eastern U.S.: Connecticut, 203/431-3535, Massachusetts, 
617/890-7180, Florida, 305/831-3644 Northwest U.S.: California, 408/988- 8000, Colorado, 303/771-9068 Southwest U.S.: California, 714/544-8378 ©1986 Siliconix Incorporated 





Surrounding the Microprocessor. 


Siliconix 


incorporated 


2201 Laurelwood Road 
Santa Clara, CA 95054 
1-800-554-5565, Ext. 302 
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WER PRODUCT? 

We also have other MOSPOWER device 
families pending approval; and early next 
year we'll introduce the world’s most advanc- 
ed family of optimized MOSFETs hardened 
for both prompt-pulse and integrated radia- 
tion dosage. 


As a company, we're totally dedicated 
to advancing the state-of-the-art in devices 
that surround the microprocessor. We build 
more of them, better, than anyone in the world. 
Which is why, whenever people talk about 
the latest in MOSPOWER, they’re talking 
Siliconix. For more information or product 
literature call: 1-800-554-5565, Ext.302. 


yr 


RUN ERROR POWER 


( ) OKI EASE 80C51/59 ICE System 
( ) OKI 8&bit MCU Piggyback Development Chips 
( ) OKI 80C51-59 Single-Chip MCU Family 
Name/Title 
Company 
Address 
City State. == ——SSZp 
Tel: (____) 


Return coupon to Customer Service: OKI Semiconductor, 
650 N. Mary Avenue, Sunnyvale, CA 94086. Tel: (408) 720-1900 
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You're likely to be unsettled, as we are, to note the methods a few 
ads (in this magazine and others i in the industry) still employ to get a 
reader’s attention. It’s tempting, after an initial discomfort, to 
dismiss these familiar ads as harmless: “They don’t show that much 
skin,” “there are as many beefcake ads as cheescake ones,” and “sex 
is used to sell everything” are three arguments frequently used to 
justify them. But these arguments have serious flaws. 

All the arguments fail completely to acknowledge the harmful 
effect of ads that treat women as objects, regardless of what’s 
explicitly shown. The first implies that there is such a thing as too 
much skin—a point that the argument’s proponent undoubtedly 
feels uniquely qualified to determine. This argument prudishly 
suggests that an ad could be objectionable only because of what it 
explicitly might show. As such, the argument is naive: Everyone 
knows the subtlety of suggestion is often more powerful than the 
direct assault. There’s something equally unsettling about an ad 
that, for example, depicts fully clothed women while implying that 
they’re confined to pink-collar ghettos—classes of low-paying jobs 
predominantly held by women. 

The second argument concedes that the ads might be degrading 
but contends that both sexes are treated equally. Philosophy 
professor Ann Garry refuted this view in her essay “Pornography 
and Respect for Women.” She noted that “losing respect for men as 
a class (men with power, typically Anglo men) is more difficult than 
losing respect for women or ethnic minorities as a class.” Moreover, 
ads depicting men often involve sports themes, and an athletic 
image commands respect in our society. In contrast, the ads 
featuring women concentrate on the model, or a part of the model, 
purely as a prop to a (male) reader’s successful lifestyle. 

Relative to the “sex is used to sell everything” argument, we 
acknowledge that people buy a plethora of products, from perfume 
to automobiles, that they hope will at least slightly enhance their 
attractiveness. We sidestep the question of whether sex should be 
used to sell sex appeal; we simply note that sex is inappropriate for 
selling single-board computers. 


Rick Nelson 


Managing Editor 
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Design with our new 
Am29525 Dual 8-Deep Pipeline 
Register and your pipelined 
system will never work better. 
That’s because the Am29525 is 
the only pipeline register that 
also lets you dip into the data 
in any order, at any time. 

To start with, the Am29525 
is a pipeline register that is dual 
8-byte deep. Or single 16-byte 
deep. It’s programmed to hold, 
shift or load data via microcode 
instructions. And, while the I/O 
is three-state TTL-compatible, 
the innards are straight ECL. So 
its access time is a swift 2Ins. 


Am29525 


Out of order. 


On the other hand, the 
Am29525 is also a random ac- 
cess register file, with all 16 in- 
ternal registers instantly available. 
Instead of the confines of first-in, 
first-out rules, you can grab an 
arbitrary 8-bit word whenever 
you want. So system performance 
is significantly improved. 

What’s more it’s available in 
space saving, .4” wide 28-pin 
DIP packages. 

The Am29525. 

It’s unlike any pipeline register 
you've ever used. Because it's 
more flexible than any pipeline 
register you've ever used. 

Sometimes you improve things 
by not following orders. 
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Ask us if we second source the 
popular X305 microprocessor 
architecture and welll answer 
instantly: You bet. 





Am29X305A 


Got a second? 


Our new Am29X305A 8-Bit 
Microcontroller is a plug 
replacement for the 8X305 chip 
you're using now. The same 
200ns speed. The same highly 
integrated design that lets you 
read, mask, shift, operate on, 
rotate, merge and store data in a 
single instruction. Now available 
from two sources, assuring you of 
a steady supply for all your 
manufacturing needs. 

One more thing. The 
Am29X305A is fabricated using 
our IMOX™ process, known 
throughout the industry for its 
outstanding performance. 

And that makes the 
Am29X305A second to none. 
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Floating point arithmetic is 
no longer the chore it used to 
be, thanks to our new Am29325 
32-Bit Floating Point Processor. 

Sure it's fast. A worst-case 
multiply takes but 150ns. But 
the real story is how easy it is 
to use. The Am29325 is a single- 
chip, non-pipelined, drop-in 
part—a true, easy-to-interface, 
black box solution. 


Am29325 


li’s simple 


arithmetic. 


Forget about internal pipeline 


registers, latency delay times, 
exotic software routines. Instead, 
start developing more powerful 
and more accurate array proces- 
sors, desk top computers, digital 
signal processors and sophisti- 
cated robots that take less time 
to design and even less time 

to debug. 

The Am29325. One easy-to- 
use chip that adds up to higher 
performance. 

Could arithmetic be any 
simpler? 


CIRCLE NO 119 


Advanced Micro Devices * Bruxelles (02) 771 99 93 » Hannover area (05143) 50 55 + Hong Kong (0852) 3-695377 * London area (04862) 22121 

Manchester area (0925) 828008 * Milano (02) 3390541 * Miinchen (089) 4114-0 * Paris (01) 46.87.36.66 + Stockholm (08) 733 03 50 + Stuttgart (0711) 62 33 77 
Tokyo (03) 345-8241 * Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 Tx: (510) 955-4261 amd. ftl 

© Advanced Micro Devices, Inc. 1986 











WEEK 
28 


Every new IC claims reduced 
boardspace. But this baby deliv- 
ers. The Am29C101 is a CMOS 
16-Bit Slice, and the newest 
member of our 2900 family 
CMOS. It is equivalent to 

our 2901s. Plus one 2902. 

The pin count went from 172 
to ‘a And package count from 5 
to 

Power's part of the reducing 
program. You'll need only 0.7W. 
(Equivalent bipolar parts typi- 
cally require 5.8W) 


Am29C101 
Lose ugly fat. Fast. 


How much performance did 
we have to sacrifice? None. The 
speed of the Am29C101 is equiv- 
alent to 2901C- based systems. 

The Am29C101 is software 
compatible, so the only thing 

ou'll need to modify 1s your PC 

ard layout. 

It's expandable for longer word 
lengths (16-, 32-, 48-bit systems, 
etc.). And it's available in 64- -pin 
plastic or ceramic DIP 68-pin 
PLCC, or ceramic LCC. 

Ask for the Am29C101 and cut 
the fat out of your next system. 
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On October 1,1985, Advanced Micro 
Devices told the world it would deliver fifty-two 
new products in one year. A new product every 
week. Tall order. 

So where's seeking the impossible gotten 

us? Right where we expected. After twenty-six 
weeks, we're 26 for 26. Batting a cool 1,000. 
And here’ what the world is telling u: us: 

“Reduced networking costs: 
“State machines that have 
simplified the state-of- 
the-art? “More powertul, 
smaller air traffic control 
systems: “Extraordinary = 
graphics for ordinary cvatioee “PCs with 
fax capabilities” 

And more. But that's only half the story. 
Watch this space for more chances to make your 
best idea better than you hoped it could be. 

More new products. One a week. Every week. 
On the shelf. In volume. 

Watch us open up the lead. 













Advanced M Micro p evicest ot 


For more information, contact the sales agent nearest you or write the word 
“Twenty-eight” on your letterhead and mail to Advanced Micro Devices, Mail Operations, 
PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
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Copies of articles 

from this publication are 
now available from the 
UMI Article Clearinghouse. 


| Xoyapaateyacmbalceyaeercla(ejem-lorelelmaatm@)(~-laberiacebhien 
el Cactom ell melelarcvelemeetll merle quelmeeeleeemoa ey 


Yes! I would like to know more about UMI Article Clearinghouse. 

I am interested in electronic ordering through the following 

system(s): 

C DIALOG/Dialorder CITT Dialcom 

(J OnTyme (J OCLC ILL Subsystem 

_] Other (please specify) 

_] I am interested in sending my order by mail. | 

_] Please send me your current catalog and user instructions for 
the system(s) I checked above. 


Name 


5 5 | a a ee eens ee nee eee UMrartich 
Institution/Company. e OUSE 


B01 G9 § |) | cee a ee ee ae ee 


Address —‘“‘“‘“‘“‘(“‘(‘(‘ ‘UU Mail to: 

University Microfilms International 
City—_§¥—______State Zip ____ 300 North Zeeb Road, Box 91 
Phone ( a Ann Arbor, MI 48106 
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Power from. 


AC-DC oo a 
Power trade Industry Standard 212” x 314" — 2 . oe I 


~NEW DC-DC Modules PCB or Chassis mounting a : , : 


Ventilated case : : 
DC-DC Industry Standard 21/2" x 37/2" Runs 20°C coolerthanencapsulated 


PCB mounting a 115, 220, 240V input versions 


Ventilated case Single and Dual output 

Wide input range 212 — 15 watts 

Singles, Duals, [ ow noise ee 
Triples 
10, 15, 20, 25 watts 

























_ NEW | 
Industry Standard 8” x 5” x 11” 
_ Power Supplies to 1500 watts. 


Sal 





Eurocard sw 


Renata Lithium Power _ 
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<a ‘breaks the bipolar 
in power MOSFETs! = = 
price barrier! 





Now you can design-in 50V power MOSFETs Most important of all, you are guaranteed a 

with HEXFETs that cost less than you would more rugged device that switches faster, 
veer pay for conventional, harder-to-drive, less handles full rated current/voltage without 

reliable competitive or bipolar equivalents. second breakdown, and is easier to parallel. 


At the 100-piece price, for example, the In short, HEXFETs make the best cost- 
HEXFET IRFZ22 costs 16% less than the effective alternative to your bipolar design. It’s 


popular D44H5 bipolar. And our IRFZ10 is one more reason why they are today’s quality 
almost 9% less than the MJE3055T in the choice in power MOSFETs. Call or write for data. 


Price (Cents) Per Rated Ampere 


500-piece range. 


HEXFET & 
ae International 
Dec. ’82 Dec. ’83 Dec. ’84 Jan. ’86 
Typical HEXFET price declines since 1982 ‘IeaR| Rec ti fier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 
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Process improvements and special features 
reduce high-end static-RAM access times 


Maury Wright, Western Editor 


Today’s fast 16k- and 64k-bit MOS 
static RAMs have seen their access 
times fall to the 25- to 35-nsec 
range, approaching the speeds of 
ECL static RAMs. Furthermore, 
these devices offer such features as 
output-enable pins, separate I/O, 
reduced chip-select access times, 
and reset functions, allowing board- 
and system-level designers to 
achieve further reductions in effec- 
tive access time. You will find a 
larger variety of these specialized 
features in 16k-bit offerings; manu- 
facturers have only just begun to 
enhance the fast 64k-bit static 
RAMs. 

These improvements in fast static 
RAMs allow designers the luxury of 
employing low-cost, high-density 
MOS static RAMs in applications 
traditionally served only by ECL 
memories. Such applications include 
caches, communications, imaging 
systems, control stores, and data- 
acquisition systems. Some applica- 
tions require absolute chip-access 
times substantially less than 25 nsec 
and therefore must employ ECL 
memories. ECL offerings, however, 
typically provide only 1k- or 4k-bit 
densities, so you might find you 
need more chips to fulfill your mem- 
ory requirements. Many designers 
are restructuring system architec- 
tures to use the 25-nsec MOS memo- 
ries, even in minicomputer and 
mainframe caches. 


MOS RAMs for non-MOS Ps 


Some applications that have tra- 
ditionally called for ECL memories 
don’t use a processor based on ECL 
ICs; chances are fast MOS static 
RAMs will fit your needs here as 
well. The propagation delay in a 
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Sub-35-nsec 16k-bit static RAMs from Cypress include IC's with x1 and X4 organizations. 


The CY7C168 is a 4k x4-bit device that specs a 25-nsec access time. 


buffer between an ECL memory 
and a MOS processor diminishes 
the access-time improvement over 
MOS devices that ECL memories 
normally would confer. Meanwhile, 
the special features that effectively 
reduce access time ease integration 
of MOS static RAMs into these 
applications. 

Until recently, a static RAM was 
regarded as “fast” by virtue of its 
application; ie, it was fast if you 
used it with a non-MOS wpP, accord- 
ing to Lane Mason, senior industry 
analyst for Dataquest Inc (San Jose, 
CA). The MOS uPs were too slow to 
utilize effectively the speeds of the 
fast static RAMs. Now, Mason ad- 
mits, that characterization must 
change. Fast MOS static RAMs turn 
up in increasing numbers of designs 
based on MOS pPs or MOS bit-slice 
processors. New pPs with 8-, 16-, 


_and 82-bit data paths feature clock 
rates approaching 20 MHz. General- 


purpose computer designs with 
such high-performance Ps can use 
the fast static RAMs for a cache. 

Designs with an embedded pP 
often require faster access than the 
system CPU itself actually de- 
mands. For example, an imaging 
system may require that a special- 
purpose controller read memory 
faster than the CPU can access the 
same shared memory. Today’s MOS 
static RAM prove useful in these 
applications as well. 

Static RAMs primarily feature ei- 
ther x1 (“by 1”), <4, or X8 organi- 
zations. Typically, the popularity of 
a particular package and organiza- 
tion leads to a de facto standard, 
often followed by JEDEC imprima- 
tur. JEDEC publishes official stand- 
ards for the static-RAM packages 
and pinouts. 

The commodity market for static 
RAMs (ie, for slower, low-cost de- 
vices produced in large quantities) 
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“Valuable resources, many of which 
simply aren't available from other suppliers.” 


Lh Crag GOTH 


Anthony Capponi 

District Manager 

Structured Products Department 
Southwestern District 


“GE Plastics has attained global leadership first by inventing 
advanced polymers and then maximizing their effectiveness 
in diverse markets. Our versatile line of extruded LEXAN® 
sheet products is an excellent example of high-performance 
polycarbonate technology ready-made to deliver impact 
toughness, clarity, energy efficiency and high light transmission 
in architectural, security and greenhouse glazing —weather and 
vandal resistance in outdoor signage. 
We also supply our polycarbonate in a wide range of high 
performance films that set new performance standards 
in applications ranging from graphics and membrane switches 
to high-tech packaging. 
GE Plastics’ diversity of expertise gives customers valuable resources, 
many of which simply aren't available from other suppliers.” 
Start a dialogue with GE Plastics. Call toll free (800) 845-0600 
from anywhere in the U.S. or Canada and request our Sweets 
catalogue brochure and our 64-page Properties Guide. It’s the 
first step in putting GE Plastics’ diversity to work for you. 






Cum VASES 


THE STRATEGIC SUPPLIER 


Ne 


6) and ® Registered Trademarks of General Electric Company. ’ 
* Registered U.S. Patent and Trademark Office. _ 
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centers on X8 organizations, for 
which there are established indus- 
try standards. Industry standards 
also exist for <1 and x4 parts. 
Manufacturers of fast static RAMs 
use standard organizations and 
packages whenever possible, but 
many of the special features found in 
fast static RAMs require some di- 
version from a standard. For exam- 
ple, a reset function requires an 
additional input not found on a 
standard static RAM. 

Applications that simply require 
the improved densities and speeds 
benefit from the availability of 
standard sub-35-nsec static RAMs 
from many sources. Choosing a 
memory with a special feature may 
limit you to a single source. Because 
the special features simplify the 
static RAMs’ integration into spe- 
cific applications, designers must 
balance tradeoffs between simplici- 
ty of design and multiple sources. 


Sub-35-nsec parts fall to $10 


At the level of 16k-bit densities, 
industry-standard fast MOS static 
RAMs have dropped to $10 to $35 in 
OEM quantities. For example, Cy- 
press offers the 16k x 1-bit CY7C167 


- and the 4kx4-bit CY7C168 static 


RAMs, each featuring a 25-nsec ac- 
cess time. The former costs $18, the 
latter $19.50 (100). In quantities of 
5000, the industry-standard 4k x 4- 
bit IMS1428 from Inmos drops to 
$12. Lattice Semiconductor also 
provides standard, 25-nsec, CMOS 
static RAMs in 16k-bit densities. 
The 4k x4-bit SR16K4 costs $22 and 
the 2kx8-bit SR16K8 sells for $25 
(1000). 

For 16k- or 64k-bit, NMOS or 
CMOS static RAMs, the access time 
determines the price. Access times 
for the static RAMs described here 
are minimum figures; most vendors 
that offer 25-nsec parts also offer 
slower parts, and you may specify a 
memory that’s 10- to 20-nsec slower 
for cost savings approaching 50%. 

As an example of such cost sav- 
ings, consider some 16k-bit offer- 


ings that spec 35-nsec min access. 
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This industry-standard, 35-nsec, 16kx4-bit static RAM, the IDT7188 from Integrated 
Device Technology, comes in nonstandard versions that provide special features for reduced 
effective access time. 


times. Vitelic’s 16kx1-bit V61C67, 
4kx4-bit V61C68, and 2kx8-bit 
V61C16 static RAMs cost $11, 
$12.76, and $14.51 (100), respective- 
ly. These CMOS ICs suit low-power 
and battery-backup applications. In 
active mode, the x8 static RAM 
consumes 200 mW, and the <1 and 
x4 offerings consume 150 mW. All 
devices consume 0.5 wW in standby 
mode and 0.1 wW in a low-voltage 
data-retention mode. In the low- 
voltage mode, the ICs retain data 
when powered from a 2V supply. 

For applications that are less 
power sensitive, NMOS 16k-bit fast 
static RAMs do the job and cost less 
than the CMOS parts. Toshiba cur- 
rently offers the 2k x8-bit TMM2018 
and the 4kx4-bit TMM2068 NMOS 
static RAMs, which spec 35-nsec 
access times. Both parts consume 
825 mW when active and 110 mW in 
standby mode. The parts cost $10 
and $8.30 (100), respectively, and 
they come in industry-standard con- 
figurations. 

A number of 16k-bit static RAMs 
implement special features that 
trim the memories’ effective access 
times. Toshiba’s 4kx4-bit static 
RAM, for example, furnishes an 
output-enable pin. The 35-nsec 
TMM2078 comes in a 22-pin package 
and costs $9.90 (100). All of the 
16k-bit Toshiba parts will achieve 
25-nsec access times in the second 
or third quarter and will cost 10 to 
20% more. 

According to Jim Townsend, stra- 
tegic marketing manager at 
Toshiba, the output-enable feature 





oy 5 : 


improves system speed by 5 to 10 
nsec. The output enable allows you 
to design a board architecture that 
frees the bus faster than standard 
4kx4-bit static RAMs can (the 
standard parts use common-I/O 
pins, ie, input and output data are 
on the same pin). A typical board 
architecture employs parallel data 
lines from multiple static RAMs. 
During a read operation, a single 
RAM ties up the bus until the pro- 
cessor removes the input address to 
the static RAM. If implemented in 
the board design, a static RAM with 
output enable will release the bus 
upon completion of the read opera- 
tion and before the static RAM is 
deselected. 

An industry-standard <4 package 
requires 20 pins without the output 
enable; no standard currently exists 
for <4 parts with the output-enable 
feature. Industry-standard static 
RAMs typically implement output 
enable on all <8 designs. Because 
such devices have eight data lines 
on a single IC, the output-enable 
feature simplifies device timing. 

Another useful feature is sepa- 
rate data I/O. In the case of X1 
devices, the provision of separate 
I/O lines only requires one extra 
pin. Separate I/O provides an opti- 
mum configuration, and the indus- 
try accepts the 1-pin penalty. Indus- 
try standards to date do not include 
separate I/O for x4 static RAMs, 
but the need for improved speeds 
and densities is leading designers to 
demand such features, despite the 
additional cost. 
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(a) 


SYSTEM ADDRESS VALID 
ADDRESSES 


tacs hl 


DATA OUT FOR 


tacs-LIMITED RAMs DATA VALID 
ACCESS-TIME 
IMPROVEMENT 
CE tacs 
DATA OUT FOR 
51C69 RAMs DATA VALID 


(b) 


Fig I—A 15-nsec chip-select access time (tacs) and 25-nsec address access time (taa) allow 
Intel’s 51C69 static RAMs to hide the 10-nsec propagation delay (tprcopg) of a 74F'138 decoder; 
the system in a yields a 25-nsec system access time. In many such RAMs, the chip-select 
access time equals the address access time, yielding a system access time that equals the 
chip-select address time plus the decoder delay. In the system shown here (a), the Intel chips 
yield a 10-nsec system access time improvement (b). 
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Integrated Device Technology of- 
fers the 25-nsec, 4k x 4-bit IDT71681 
and IDT71682, each of which costs 
$38 (100) and includes four extra 
pins for separate outputs. The 
IDT71681 provides a high-imped- 
ance state at each output during a 
write operation. The outputs track 
the inputs during a write operation 
on the IDT71682 static RAM. 

This input tracking, also referred 
to as atransparent write, allows ICs 
on the output side of the static RAM 
to monitor the addressed RAM loca- 
tion. The transparent-write feature 
suits systems requiring a read veri- 
fication of data after each write 
operation. Verification occurs simul- 
taneously with the write operation. 

Integrated Device Technology 
also offers industry-standard 25- 
nsec 4kx4-bit, 35-nsec 2k~x8-bit, 
and 25-nsec 16kx1-bit static RAMs. 
These parts are the $35 to $38 (100) 
IDT6168, IDT6116, and IDT6167, 
respectively. All IDT fast static 
RAMs employ a CMOS process with 
a 2V data-retention mode. 

The separate-output and output- 
enable features essentially reduce 
access time at the system level. 
Intel takes a more direct approach 
toward improving access times. The 
company’s designers have reduced 
the absolute access time from acti- 
vation of the chip-select signal to 
the appearance of valid data at the 
outputs of the 16k x 1-bit 51C66 and 
4kx4-bit 51C69. Cypress provides 
an identical feature on the 4k x4-bit 
CY7C169 static RAM, which costs 
$19.50. The 51C66 and 51C69 cost 
$18 and $19.80 (100), respectively. 

Semiconductor manufacturers 
typically distinguish between two 
types of read cycles when measur- 
ing access times. In one case, the 
address lines stabilize before the 
chip-select input goes active—for 
example, when high-order bits 
needed to address several banks of 
RAM must go to a decoder before 
activating the chip-select pin. In the 
second case, the address lines stabi- 


lize after chip select is activated. 
(Fig 1). 
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New “MASTER/SLAVE” combo 
is the only way to expand 

width and eliminate “system 
deadlock” without incurring a 
speed penalty due to extra logic. 


We've led the market with the industry 
standard IDT7130 (1Kx8) and the 
IDT7132 (2Kx8) “MASTER” dual port 
RAMs. Used in multiprocessor systems, 
they provide fast, asynchronous, simul- 
taneous access of a common memory 
from two totally independent data/ 
address ports. On chip arbitration logic 
resolves conflicts when the 
addresses match. 

Now we are introducing 


the IDT7140 (1K x8) “SLAVE” 


and the IDT7142 (2K x8) 
“SLAVE” dual port RAMs which 


permit width expansion to x16, 
x32 or greater while maintaining 
a 55ns access time. All you do 
is add as many SLAVES as you 
need to one MASTER. 

A SLAVE eliminates catastrophic 
“system deadlock” in width expansion 
encountered when using dual port 
memories. Without a SLAVE you must 
use external logic for address arbitra- 
tion to avoid deadlock—and that causes 
performance degradation. 










Industry’s fastest. All four of these 
dual port static RAMs have access times 
of 55ns. 

Cascadable in depth. To 4K, 8K, 
16K or more. 

Low-power and battery backup. 
Typically 325mW active and 1mW 
standby, the low-power version permits 
battery backup at 200uUW from a 2 volt 
battery. 

Availability. Commercial/military 

product from stock in 48-pin DIPs 
or LCCs. 
May we be of assistance: Call or 
fill in the bingo for a copy of our 
Technical Note explaining (1) 
how and when to use dual port 
static RAMs (2) how to avoid 
“deadlock:’ 

Also ask for our Product 

Selector Guide on high-speed 
CEMOS™ MICROSLICE™ 
(bit-slice microprocessor 
products), Subsystems, Memory 
Interface Logic, Digital Signal 
Processing Circuits (multipliers, 
MACs, and FIFOs), and one of 
the fastest, broadest lines of 
Static RAMs in the world. 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 
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Our Static RAM Family 
(available now) 
Worst Case 
Size P/N Comm’! Speed 
16Ks 
16Kx1 IDT6167A 25ns 
4Kx4 IDT6168A 25ns 
4Kx4 IDT71681A* 25ns 
4Kx4 IDT71682A** 25ns 
2Kx8 IDT6116A 35ns 
64Ks 
64K x1 IDT7187 35ns 
16Kx4 IDT7188 35ns 
16Kx4 IDT7198*** 35ns 
16Kx4 IDT71981* 35ns 
16Kx4 IDT71982** 35ns 
Dual Port Static RAMs 
1Kx8 IDT7130 MASTER 55ns 
2Kx8 IDT7132 MASTER 55ns 
1Kx8 IDT7140 SLAVE 55ns 
2Kx8 IDT7142 SLAVE 55ns 
*Separate |/O—outputs ON at write 

“Separate |/O—outputs 3-state at write 
“Extra OE and 

Leading the CMOS Future 

Integrated 

Device Technology 

Static RAM Division 

3236 Scott Boulevard 


Santa Clara, CA 95054-3090 
(408) 727-6116 
TWX 910-338-2070 
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DURING 


Fig 2—A static RAM with a reset function—AMD’s Am9150, for ecample—can serve as a 
tag buffer in a cache-memory system that requires initialization on context switches. 


Most manufacturers spec the 
same access time for both types of 
read cycle, because they measure it 
from the last event that occurs, 
whether it’s chip-select activation or 
address-line stabilization. In the 
first case, however, the access time 
will actually be longer, because the 
chip-select decoding time has been 
ignored. 

Intel’s 51C66 and the 51C69 fur- 
nish the same real access time re- 
gardless of the type of read cycle 
employed. When address stabiliza- 
tion is the last event, the static 
RAMs furnish a 25-nsec min access 
time. When the addresses stabilize 
before chip-select, however, the 
memories effectively hide the typi- 
cal 10-nsec propagation delay asso- 
ciated with chip-select decoding, 
and they reduce the access time 
from chip-select to data-valid to 15 
nsec. . 

Other fast static RAMs from Intel 
are the 16kx1-bit 51C67 and the 
4k x4-bit 51C68. The parts spec 30- 
nsec access times and provide a low- 
voltage mode but not reduced chip- 
select access time. They cost $16.25 
and $17.88 (100), respectively. All 
the Intel parts feature industry- 
standard pinouts. 

Another special static-RAM fea- 
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ture that improves system or soft- 
ware performance is a reset pin for 
a clear function. The task of clearing 
a standard static RAM requires 
very little software, but a loop must 
execute once for every location in 
the RAM array. Even a memory as 
small as 4k bytes, with write cycle 
times of approximately 50 nsec, 
wastes 200 wsec when doing no 
more than writing zeros to memory. 
Communication and data-acquisi- 
tion applications often require the 
clearing of much larger memory 
banks. Static RAMs with the reset 
capability clear the memory in one 
cycle. 

Another application of the reset 
function, a tag buffer for cache 
memory, requires memory initiali- 
zation on power-up, context 
switches, and other operations. The 
tag buffer stores information that 
refers to main-memory addresses 
that are mapped into the cache. 
When executing a given instruction, 
the processor produces a physical 
address, and the cache controller 
must determine if the address cur- 
rently resides in the cache. The 
cache controller checks the tag buf- 
fer and fetches the required address 
from main memory if it does not 
already reside in the cache. 


The tag buffer requires initializa- 
tion on context switches or other 
operations requiring major cache 
content changes. Without intializa- 
tion, the cache controller may mis- 
takenly determine that the cache 
contains a given address. The reset 
function allows the processor to 
clear the tag buffer without wasting 
the time required to zero each buf- 
fer location. 


Static RAM clears in 40 nsec 


Advanced Micro Devices imple- 
ments the clear function on the 
1k x4-bit Am9150 static RAM. Fig 2 
illustrates the use of AMD Am9150s 
in a cache application. An active 
signal applied to the reset pin will 
clear the RAM in 40 nsec. The de- 
vice features separate I/O and a 
20-nsec access time. It costs $24.95 
(100). Later in the year, AMD plans 
to implement the reset feature in 
higher-density memories. 

When designing static RAMs 
with densities greater than 16k bits, 
manufacturers tend to concentrate 
more on speed and cost than on 
special features. Actually, manufac- 
turers have only recently begun to 
ship fast 64k-bit static RAMs. Even 
so, the designs are maturing rapid- 
ly, and a few 64k-bit memories pro- 
vide added features that reduce ef- 
fective access times. 

Manufacturers initially designed 
sub-35-nsec 64k-bit static RAMs 
with X1 organizations, but parts 
with <4 and X8 organizations are 
starting to appear. Hitachi, for in- 
stance, initially offered only a part 
with a X1 organization. The 64k x1- 
bit HM6787 was followed shortly by 
the 16kx4-bit HM6788. 


Mixed process smooths access 


The two static RAMs cost approx- 
imately $40 each (10,000) and em- 
ploy Hitachi’s Hi-BiCMOS process. 
This process mixes bipolar and 
CMOS technologies in a single IC. 
The RAM designs employ CMOS 
circuitry in the RAM array, and 
bipolar technology at the outputs 
contributes to the devices’ 25-nsec 
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TELS iSBC 86/ 
CONSIDER 
THE STAKES. 


You've made the right design decision. 
But now you re ready to manufacture. And there’ a lot at 
stake. Budgets. Delivery times. Ease of assembly. Profits. 


So consider the 100% Intel-compatible ZBC 86/36, 


from Zitel. 

First, the ZBC 86/36 costs 15%-30% less. Giving you an 
immediate advantage. 

Then, there’s our easy-to-manufacture PAL architecture. 
With only 30 configuration stakes. Not 300. So you'll reduce 
configuration errors, reduce labor costs, and save time. 

And consider this: The ZBC 86/36 includes 1 Megabyte 
- heeeiaecs memory, an on-board socket for your 8087 
- processor, and optional on-board parity checking. - 
card slot. Plus at ull )-year warranty. — 
free evaluation unit. Or ~ more information 
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access times. The static RAMs con- 
sume 300 mW when active and 20 
mW in standby mode. 

IDT currently offers the indus- 
try-standard 16k x4-bit IDT7188 
and 64kx1-bit IDT7187 static 
RAMs, which spec 35-nsec access 
times and cost $100 (100). The com- 
pany also provides three variations 
to the standard 16kx4-bit design. 
The $100 (100) IDT7198 includes an 
output-enable pin and an extra chip- 
select pin. The additional chip-select 
pin simplifies decoder circuitry. The 
IDT71981 and IDT71982 each cost 
$100 (100); both provide separate 
I/O, and the former employs an out- 
put that tracks the input. Like 
IDT’s 16k-bit static RAMs, the 64k- 
bit parts include a _ low-voltage 
mode. 


Cache tag adds compare logic 


Around midyear, IDT plans to 
introduce some 8k x8-bit parts. One 
will be an industry-standard part, 
another (the IDT7165) will have a 
reset function, and a third (the 
IDT7174) will be a cache-tag device. 
The cache-tag part will include a 
reset function and a compare out- 
put for tag-buffer applications. The 


(408) 732-2400 
Circle me 716 


3901 i - s 
. San Jose, CA 95134 
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Hitachi Anmeries a 
_ 22100'Toole Ave 
San Jose, CA 95131 
— (408) 942-1500 
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initial offerings will feature 45-nsec 
min access times, but process tun- 
ing should quickly bring the access 
times down to 35 nsec. 

Lattice’s 64k-bit static-RAM fam- 
ily already includes 35-nsec <8 ICs 
in addition to x4 and X1 parts. The 
$37.50 SR64K1 is an industry-stan- 
dard 64kx1-bit memory. The $55 
16kx4-bit choices include a stand- 
ard SR64K4 part in a 22-pin pack- 
age and the SR64E4 with output 
enable in a 24-pin package. The 
8k x8-bit SR64K8 costs $60 (1000). 

Cypress plans to introduce two 
families of fast 64k-bit static RAMs 
in the second quarter. Each family 
will contain parts with the same 
organizations and features but 
slightly different process technolog- 
ies. The CY7CXXX family will be a 
continuation to 64k bits of the com- 
pany’s 16k-bit CMOS static RAMs. 
The CY8CXXX family will imple- 
ment Cypress’s new BridgeMOS 
process, which employs CMOS cells 
with output drivers optimized for 
TTL or CMOS interfaces. All prod- 
ucts in both families will feature 
25-nsec access times. 

The 64k-bit families will include 
members with X1, <4, and x8 or- 
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N TELECOM AND WV 


No other company can offer you compa- 
rable lines of innovative VLSI standard IC’s 
designed for telecom and microperipheral 
applications. 


One-chip Telecom IC Solutions 

As the first company to fully integrate 
Touch-Tone™ receiver electronics onto a 
chip, Silicon Systems has gone on to 
develop a full-line of standard CMOS and 
Bipolar Telecom IC’s incorporating analog, 
digital, and analog/digital designs on single 
chips. Today, SSi’s broad line of telecom 
application-specific circuits covers Modems, 
T-1, Switching and Tone Signalling Products. 

This fast-growing line of standard ASIC’s 
also includes the industry's most com- 
plete selection of high performance Modem 
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IC’s, DTMF Receivers, Transceivers, Call 
Progress Detectors, Crosspoint Switches, 
Tl Transmitter, Receiver and Transceivers. 
All are in CMOS with its inherent benefits 
of low power and optimized performance. 


Microperipheral IC Solutions 

silicon Systems also offers the industry's 
most complete selection of Hard Disk Drive 
Electronics. Beginning with our industry 
standard product line of Read/Write Ampli- 
fiers, the company continues to maximize 
the electronic integration of rotating 
memory systems. Additional product fami- 
lies now include IC’s for Data Separation, 
Head Positioning, Read Data Processing, 
Motor Control and Support Logic. _ 

Microperipheral IC solutions continue to 
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be extended into new applications including 
data conversion, graphics, and other inter- 
face product areas. 


The Smart Solution 

Contact Silicon Systems today for your 
copy of the new Short Form Catalog that 
lists all of the company’s Telecom and 
Microperipheral standard products. One of 
these standard CMOS or Bipolar products 
could be the smart solutionto yourspecific = 
design problem. If not, our design engineers, |. 
using leadership design automation tools,  . 
can tailor the optimum circuit for your 
custom requirements. 










CA 92680. (714) 731-7110. 
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HIGHEST ACCURACY 
IN INDUSTRY 


Example: VRE102MA 


© Output: +10VDC 
® Initial Tolerance: +0.8mV 


@ TC: +0.5ppm/°C max 
(-55 to +125°C) 


© Time Stability: 6ppm/1000 hrs. 
@ Warm-up Drift: 3ppm typ. 
@ Hermetic 14 Pin Ceramic DIP 
@ Industry Standard Pinout 
@ MIL-STD-883C Screening 
@ Line Regulation: 3ppm/V typ. 


Temperature (°C) 
0 25 75 100 125 


Drift vs Temperature 


FOR INFORMATION CALL: 
(602) 742-5572 


Choose from 12 models 
each available in 2 
military and 

commercial grades. 
Military grades screened 
to MIL-STD-883C. 


aa if THALER 
llifrmmere)-1-10)-7-Wa le). 
10940 N. Stallard Place 
Tucson, Arizona 85704 
(602) 742-5572 
Telex: 825193 
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ganizations. The 16kx4-bit varia- 
tions will include versions with an 
output-enable function, with sepa- 
rate I/O, and with separate I/O and 
a transparent-write function. The 
8k x8-bit memory will come in a 
28-pin, 300- or 600-mil-wide pack- 
age. Prices for the industry-stan- 
dard CY7CXXX parts will range 
from $40 to $85 for the 64kx1-bit 
CY7C187 and from $60 to $125 
(1000) for the 8kx8-bit CY7C186. 

Prices for the CY8CXXX 
BridgeMOS family will typically be 
15 to 25% greater than prices for 
the CMOS parts. The BridgeMOS 
process renders the RAMs compati- 
ble with different logic families. 
Some standard CMOS static RAMs 
sacrifice optimum CMOS drive ca- 
pabilities to remain TTL compati- 
ble. The BridgeMOS static RAMs 
maintain TTL compatibility and 
drive CMOS circuits from rail to 
rail. 


Parity added in <9 static RAM 

Toshiba will introduce a byte- 
wide 64k-bit part before it intro- 
duces 64k-bit static RAMs with 
other organizations. The company’s 
first 35-nsec offering will actually be 
a 72k-bit static RAM with an 8kx9- 
bit organization. The TMM2089 re- 
flects Toshiba’s plans to migrate 
from X8 to X9 organizations for all 
byte-wide static RAMs. 

Consumers of commodity static 
RAMs have been begging for a pari- 
ty bit in high-density parts. Because 


| JEDEC standards for byte-wide 


static RAMs leave an open pin, 
Toshiba’s <9 parts can supply the 
parity bit and still maintain compat- 
ibility with industry standards. 
Users requiring only eight bits can 
leave one data bit unconnected. The 
ninth bit increases cost because of 
an increase in the size of the silicon 
array. Toshiba believes, however, 
that by not building distinct <8 and 
<9 parts, higher manufacturing vol- 
umes will offset the cost difference. 

The TMM2089 will cost $35 (100), 
and the company plans to have sam- 


| ples available in this quarter. The 


company also plans to have samples 
of two 25-nsec 16kx4-bit CMOS 
static RAMs in the third quarter. 
The TC55416 with common I/O and 
the TC55417 with an output-enable 
pin will both cost approximately $28 
(100). 

As fast static RAMs move into 
the applications once reserved for 
ECL devices, so will improved dy- 
namic RAMs take over some tradi- 
tional static-RAM applications. De- 
signers have preferred static RAMs 
because of speed advantages, but 
dynamic-RAM manufacturers have 
implemented such special modes as 
the nibble mode and static-column 
addressing to lower access times to 
the 50-nsec range. 

Dynamic RAMs also cost less 
than static RAMs, though the for- 
mer require refresh circuitry. When 
memory requirements are small, 
the attendant refresh circuitry can 
be as costly as the memories them- 
selves. For large amounts of memo- 
ry, however, the cost of refresh 
circuitry is distributed over many 
parts, and the advantage of dynamic 
RAMs emerges. 

Another threat to the traditional 
static-RAM realm is Visic’s hierar- 
chical RAM (HRAM) family, the 
members of which spec 35-nsec ac- 
cess times. Visic expects that, by 
midyear, the 64kx1-bit V64H1 and 
the 16kx4-bit V1HH4 will cost less 
than $20 (1000). All HRAMs feature 
25-nsec static-column access times, 
and the X1 part includes a 4-bit 
snap mode with 10-nsec read cycles 
(the snap mode is similar to the 
nibble mode in a dynamic RAM). 
The company also recently intro- 
duced the $30 8kx9-bit V8K9 
HRAM, which has a built-in parity 
checker. Like the dynamic RAM, 
the HRAM requires refresh circuit- 
ry, but it still can compete in static- 
RAM markets. EDN 
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When Ultracam Incorporated set out 

to design the Ultracam™ K35, they 
knew that their design tool needed to be 
as professional as the camera they 

were designing. That’s why they chose 
AutoCAD” the most widely used 
computer-aided design and drafting tool 
in the world today. 


Mainframe CAD Capability 
at 5% of the Price 


If you have an IBM PC, PC/XT, 
PC/AT, NEC, DEC, TI, Tandy, Wang, or 
one of over 30 desktop computers 
AutoCAD supports, you already own the 
most expensive part of a CAD system. 
Add AutoCAD for only $2500 more, and 
you can have the power of CAD on 
your desktop at a price you can afford. 
With a pointing device and a plotter (the 
choice is yours, we support over 50 
popular peripherals,) you can assemble 
a complete CAD workstation for less 
than $10,000. 

Once you've installed AutoCAD 
on your computer, you'll have a tool at 


__ your fingertips which removes the 
_ drudgery from designing. 






Quick to Learn, Easy to Use 
The beauty of AutoCAD is that you 
need no prior knowledge of computers. 
Even if you’ve never seen a CAD system, 
you'll pick it up in a matter of days, and 
feel comfortable within a week. 

_ Simple pop-up menus 
point you in the right 
direction. You can also 
easily create your 


own menus. On-line HELP keeps you 

on track. 

Sailboats, Landscapes, and 
Custom Homes 


Since AutoCAD is general-purpose 
and user-customizable, it doesn’t matter 





what type of drafting your work requires. 
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Camera designs provided courtesy of 
wee Ultracam Incorporated. 





Tens of thousands of AutoCAD 
users are creating drawings and devel- 
oping designs in every discipline with 
ease and accuracy never experienced 
before. 


The Heart of Your CAE System 
Drawings are only part of the story. 
Pre-defined standard symbols, 
Staats to allow AutoCAD to 
\ exchange drawings with main- 
> frame CAD systems, data base 
analysis programs for bill of 
material lists, job costing and 
drawing distribution by telephone 
are only some of the capabilities avail- 
able with AutoCAD. These capabilities 
make AutoCAD the central component 
in your desktop computer-aided engi- 
neering (CAE) system. 

Whether you’re in a two-person 
shop or a two-billion dollar company, 
you'll find that AutoCAD pays for itself 
in just a few months. 

In the future, AutoCAD will run on 
newer, more powerful computers as 
they become available—so that you can 
be sure your investment in creating 
drawings and training staff won't 
be wasted. 


Ultracam K35 is a trademark of Ultracam Incorporated. AutoCAD, CAD/camera and AE/CADD are trademarks 


of Autodesk Inc. 


Powerful New Capabilities 

Call or write us today for the name 
of the dealer nearest you and a demon- 
stration of the latest in AutoCAD capa- 
bilities, including polylines, curves, and 
3D visualization with hidden line 
removal. Also ask about other cost-effec- 
tive Autodesk products: AE/CADD™ and 
CAD/camera™ 

AutoCAD, world leader in design 
and drafting software, will save you 
time and money. 





AUTOCAD 


AUTODESK, INC. 
2320 MARINSHIP WAY 
SAUSALITO, CA 94965 

(415) 331-0356 
or (800) 443-0100 EXT. 406 
TELEX 275946 ACAD UD 
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= Daan a ‘ay GS gyisens ls communications on two serial ports. 
A cere eee Seri: ee That's faster than the T1 rate. Fast 
enough to transfer massive blocks of data 
in a few seconds. 

Our COM-2 board gets that speed 
from a 68000 CPU plus a 4-channel 
DMA controller running at 10 MHz. It’s 
a Multibus* card, and it costs only $1240 
in lots of 100. 

Choose any interface. Either RS-232 
or RS-422 on board. Or a miniature off- 
board module with a choice of RS-423, 
RS-449, fiber optics or direct-connect 
modem. Or your own custom interface. 

You get 128K of dual-ported, parity- 
protected dynamic RAM on board, expand- 
able to 512K. And the 68000 accesses 
all that memory at 10 MHz with no 
wait states. 

To satisfy a wide variety of needs, 
weve included a 16-bit iSBX connector, 

a 24-bit parallel port, and sockets for 
256K of EPROM. 
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Our communications 
family includes the COM-8. 
Eight channels. 800,000 bps. 
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We back up our boards with in-depth 
technical support. Because only when you 
succeed do we succeed. 

We're SBE, Inc., 2400 Bisso Lane, 
Concord, CA 94520. TWX 910-366-2116. 
(Answerback: SBE CNCD) 

Phone free 1-800-221-6458 for 
literature mailed today. In California 
call 1-800-328-9900 or (415) 680-7722. 
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See us at the Electro-Mini Micro Show SBE INC: 


Booth #2521 Microcomputer boards and systems. 


*Multibus is a trademark of Intel. 
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Digitizing tablets offer choices 
of formats, operating modes, and pointers 


Jon Titus, Senior Editor 


Whether you're digitizing schematic 
diagrams, data plots, mechanical 
drawings, or a 3-dimensional shape, 
you can choose from a variety of 
digitizing tablets, pointing devices, 
and output formats to fit your 
needs. Nevertheless, you must con- 
sider the resolution and accuracy 
necessary for your application as 
well as hardware and software com- 
patibility—for after all, tablets 
transfer their data to computers. 

Digitizing tablets—most of which 
are 2-dimensional—use electrical 
fields, sounds, or resistances to lo- 
cate a point on a flat surface and 
convert it to a set of X and Y 
coordinates that a computer pro- 
gram can process. To digitize 
graphic information, you mount a 
drawing, schematic diagram, or 
other graphic information on the 
tablet’s work surface and move a 
stylus from point to point. After 
moving the stylus to a new point, 
pressing a button causes the digitiz- 
er to output the point’s X and Y 
coordinates. 

To decide what type of digitizer 
your application will require, con- 
sider the information you’re 
digitizing, and thus the resolution 
you'll need. For instance, digitizing 
fine lines on a scaled mechanical 
drawing requires more resolution 
than digitizing general building lo- 
cations on a map. Typical resolu- 
tions range from 100 to greater than 
1000 lpi, or from 0.010 in. to less 
than 0.001 in. Tablets in Summa- 
graphics’ MM Series, for example, 
let you preset a resolution that 
ranges from 100 to as many as 1000 
lpi. Thus, programs can select the 
resolution that best suits specific 
digitizing needs. 
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A tablet’s accuracy specification 
lets you know how well it locates the 
actual coordinates of a point on its 
surface. The amount of accuracy you 
get depends on how much money 
youre willing to spend. Tablets 
under $1000 provide an accuracy of 
about +0.025 in., whereas more ex- 
pensive tablets offer accuracies as 
great as +0.003 in. (Table 1). 

Of course the price you'll pay 


doesn’t just hinge on the accuracy 
you specify: You'll also confront 
many tablet sizes, mounting styles, 
and options. Tablets range from 
6x6 in. to greater than 60X72 in. 
You can buy tablets that sit on desk 
tops, have their own floor stands, 
mount on walls, or fit in desk-top 
cutouts. 

Most digitizers provide either 
opaque or translucent work sur- 





If you have a clear tablet, you can place it over artwork or other data for digitizing. For 
example, you can use this Scriptel tablet overa CRT screen to digitize graphic data accurately 


or to make menu selections. 
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TABLE 1—REPRESENTATIVE DIGITIZING TABLETS 








SIZE 
MANUFACTURER MODEL RANGE (IN.) | RESOLUTION ACCURACY INTERFACE | DIAGNOSTICS | POINTERS 
ALTEK DATATAB 12x12 TO 0.001 IN. +0.01 TO +0.003 IN. | RS-232C YES STYLUS 
42130 CURSOR 
ARISTO SERIES-200 | 20x20 TO 0.001 IN. +0001 IN. RS-232C YES STYLUS 
GRAPHICS 40x60 CURSOR 
CALCOMP 2900 SERIES | 12x12AND | 200LPI + 0,025 IN. RS-232C NO STYLUS 
12x18 CURSOR 
9100 SERIES 1279 LPIOR | £0.01 IN. RS-232C STYLUS 
44x60 50 LINES/mm IEEE-488 CURSOR 
COMPUTER MODEL 600 | TO 0.01 TO +0,01 TO RS-232C YES CURSOR 
TALK 8x10 FT 0.001 IN. + 0,005 IN. 
GTCO TYPE 5A 11x11 TO 0.001 IN.OR | +001 T0 RS-232C YES STYLUS 
42x60 0.025 mm + 0,003 IN. CURSOR 
HEWLETT. Q111A 8.6x118 0.10 mm +06 mm IEEE-488 STYLUS 
PACKARD 
HITACHI HDG SERIES | 11x11 TO 0.001 IN. +001 TO RS-232C YES STYLUS 
44x60 + 0,005 IN. IEEE-488 CURSOR 
PARALLEL TTL 
HOUSTON SERIES-1000 | 5x5 TO 0.005 IN. +0,015 IN. RS-232C YES CURSOR 
INSTRUMENT 11517 
SERIES-8000 0.001 IN. +0,01 IN. RS-232C YES CURSOR 
24x36 
MICRO CONTROL | PERCEPTOR | 40x31x38 | 0.007 TO 0.007 TO RS-232C STYLUS 
SYSTEMS 0.010 IN. 0.02 IN. | 
NUMONICS 2900 SERIES | 6x6 TO 0.001IN.OR | +001 T0 RSos0c.~—té«d:«COVEéSSS STYLUS 
36x48 0.025 mm + 0,005 IN. IEEE-488 CURSOR 
PARALLEL TTL 
SCIENCE GP7 18x24 0.01 IN. OR +0.01 IN. OR RS-232C STYLUS 
ACCESSORIES 20x26 001 em +0,01 cm PARALLEL TTL CURSOR 
GP-8 24x24 TO 0.01 IN. OR +0.01 IN. OR RS-232C STYLUS 
60x72 0.01 cm +0.01 cm PARALLEL TTL CURSOR 
GP-8-3D 10x10x10 FT | 0.01 IN.OR RS-232C STYLUS 
0.01 cm PARALLEL TTL 
SCRIPTEL SPD SERIES | 12x12TO 0.001 IN. + 0,025 IN. RS-232C YES STYLUS 
24x36 PARALLEL TTL CURSOR 
SUMMAGRAPHICS | MM SERIES | 6x9 TO 0.001 IN. + 0,025 IN. RS-232C YES STYLUS 
11.7117 CURSOR 
MICROGRID | 20x20 TO 0.001 IN. + 0.010 IN. RS-232C YES STYLUS 
4260 IEEE-488 CURSOR 
PARALLEL TTL 
TEKTRONIX TEK-4957 x11 0.001 IN. + 0,025 IN. RS-232C YES STYLUS 
CURSOR 
TEK-4958 17x24 TO 0.001 IN. +£0.01 IN. RS-232C YES STYLUS 
36x48 CURSOR 


faces. You can also buy backlit ta- 
bles that light negatives, x-rays, 
film drawings, and other transpar- 
ent or translucent media. Scriptel 
Corp’s SPD Series tablets feature a 
clear position-sensing layer in a 
transparent glass carrier. Unlike 
opaque tablets, you can position the 
SPD Series tablets over original 
material you want to digitize. You 
can also put the tablet on a light 
table or over a display screen to 
digitize data. 
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All digitizing tablets provide an 
origin for the X and Y coordinates. 
Tablets like the Numonics Model 
2200 let you move the origin to any 
point on the tablet’s work area. A 
programmable origin lets you set a 
consistent starting point for each 
digitizing task. The Summagraphics 
MM Series and the Hitachi HDG 
Series tablets let you fix the origin 
at one of two adjacent tablet cor- 
ners. Thus, you can maintain the 
same coordinate orientation when 


you rotate the tablet 90°. 

Once you’ve set a tablet’s origin, 
you trace lines or locate points with 
a stylus. Pressing a button on the 
stylus sends your computer the 
point’s X and Y coordinates. You 
can select a plain stylus point or one 
with a pen in it. The pen marks the 
points and lines you've digitized. 


points. Because stylus tips aren’t 
very fine, the points you locate with 
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OUTPUT MODES 


ORIGIN RELOCATION 








OPAQUE CHOICE OF TWO CONTROLLERS 
BACKLIT 
ic Gs aa 


To increase your measuring accu- 
racy, you can use a handheld cursor 
or puck, which you move across the 
digitizer’s surface. The cursor con- 
tains a reticle and at least one push- 
button. The reticle’s fine cross hairs 
help you accurately locate each 
point for digitizing. Pressing the 
cursor’s button sends the coordi- 
nates at the cross hairs to the com- 
puter. Depending on your soft- 
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ware’s capabilities, and the number 
of available buttons on the cursor, 
you can assign each button a specific 
command or operation. For exam- 
ple, you can use the buttons to let 
the computer know whether you're 
digitizing points or selecting alpha- 
numeric font sizes or electronic 
symbols. 


Serial formats aren’t standard 


Almost all digitizing tablets com- 
municate with host computers 


$4000 FOR 
36x48 IN. 


FROM $11,000 


A 
OPAQUE REAR PROJECTION FROM $3800 
BACKLIT RS-449 
YES OPAQUE TABLETS CUSTOM BUILT TO FROM $2500 
| BACKLIT CUSTOMER SPECIFICATIONS 
OPAQUE MENU a FROM $2275 
BACKLIT 
YES OPAQUE TWO ORIGIN J ae FROM $973 
BACKLIT 
YES eee OPAQUE TWO ORIGIN POSITIONS FROM $495 
Sa 
5 POINTS PER SECOND $9500 
3 DIMENSIONAL 
YES ide OPAQUE MENU MODE FROM $859 
SAAN Wc 5 2 a 
ee 
MES Sg <n tn 
some CLEAR CLEAR BASE FROM $1095 
nT 2 a TWO 3 ees POSITIONS FROM $999 
Mca Ss = oe 
ae Bee OPAQUE MENU MODE $995 
i OPAQUE MENU MODE FROM $4500 


through standard RS-2382C I/O 
ports. Keep in mind, however, that 
the RS-232C specification defines 
the signal lines, not the data’s for- 
mat. Most manufacturers let you 
select either an ASCII or a packed- 
binary data format for the X-Y- 
coordinates and the pushbutton in- 
formation the tablet sends to the 
computer. Nonetheless, ASCII and 
packed-binary data formats vary 
from manufacturer to manufactur- 
er, so before you select a tablet that 
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Fig 1—Digitizing tablets output ASCII 
transmissions that vary from manufacturer 
to manufacturer. The Scriptel SPD format 
(a) supplies 13 data bytes, whereas the 
Numonics format (6) supplies 16 bytes. Cal- 
comp’s 2200 Series tablets (c) let you select a 
10- or an 11-byte format. 





otherwise meets your needs, be 
sure your software accepts the tab- 
let’s data format. 

For example, if your software op- 
erates with coordinates sent in 
Scriptel’s SPD ASCII format, the 
computer expects to receive 10 X- 
Y-coordinate bytes and subsequent 
pushbutton-status, carriage-return, 
and line-feed bytes (Fig 1). The 
software won't operate properly if 
you send the computer data from a 
Calcomp 2200 Series digitizer. The 
Calcomp unit transmits only eight 
X-Y-coordinate bytes, followed by 
status, carriage-return, and _line- 
feed bytes. 

A packed-binary format requires 
fewer bytes for RS-232C transmis- 
sions, but again packed-binary data 
formats vary (Fig 2). A few manu- 
facturers offer parallel TTL or 
IKEE-488 interfaces instead of an 
RS-232C port. If you can’t easily 
reconfigure your software for a par- 
ticular data format or I/O interface 
specification, check the software’s 
documentation for a list of compati- 
ble tablets. 

To help you circumvent the data- 
compatibility problem, Scriptel’s 
SPD Series tablets let you select, 
under software control, any one of 
18 common data formats. Likewise, 
Hewlett-Packard furnishes an ex- 
tensive set of support hardware and 
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Fig 2—Packed-binary data formats for tab- 
lets offer faster transmission speeds than 
ASCII formats. However, manufacturers’ 
formats differ. 





software that links its Model 9111 
digitizer and HP computers over an 
IKEE-488 bus. However, before 
you can use the 9111A tablet with 
non-HP computers that support an 
IEEE-488 interface, you must de- 
velop your own driver routines. 


Tablets offer menu selections 
Although users most frequently 

employ tablets to digitize graphic 

information, you can also use a tab- 


let to select menu items. For this 
task, you won’t need high accuracy 
or resolution: The computer simply 
needs to know you're pointing to a 
selection within a defined area. 

You have two ways of selecting 
menu items. You can use the cursor 
like a mouse, moving a pointer on 
the computer’s display screen, or 
you can use the cursor to select 
items from a printed menu on the 
tablet’s work surface. One advan- 
tage of using printed tablet menu 
items is that you can see all the 
selections at once, without switch- 
ing between screen menus. 

Thus, although tablets add to the 
cost of a computer system, they 
provide convenience and they don’t 
obscure information on a monitor 
screen. The Numonics Model 2200 
digitizer lets its host computer con- 
figure a set of menu-cell spaces in 
the work area. Likewise, you can 
specifically configure Tektronix’s 
TEK-4957 tablet to operate in a 
menu-selection mode. | 

Besides letting you select menu- 
type operations, many tablets also 
let you select different types of 
data-output operations. Depending 
on your tablet, you can select point, 
stream, switched-stream, polled, 
and incremental operations. 

In the point mode, you locate each 
point with the stylus or cursor and 
press a button to send the coordi- 


nates to the computer. When it’s in 





Different types of digitizer pointing devices 
let you select one that best meets your needs. 
Houston Instrument’s multibutton cursors 
let you control computer operations from 
your tablet’s surface without forcing you to 
use the computer’s keyboard. 
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the stream mode, a tablet continu- 
ously transmits the cursor’s coordi- 
nates to the computer. However, 
when you select the switched- 
stream mode, the tablet transmits 
the coordinate stream only for as 
long as you continue pressing the 
cursor’s pushbutton. 

In the polled mode, the tablet lets 
the computer’s software request 
specific information about the 
cursor’s location and the pushbut- 


A cursor’s cross hairs let you accurately 
locate points on your artwork. A cursor 
offers better resolution than a stylus with a 
blunt pointer. Calcomp’s cursors provide 
four or 16 pushbuttons and four indicators. 





tons’ status. The incremental mode 
sets a dead zone around the cursor. 
The tablet sends the computer new 
position information only after the 


You can digitize 3-dimensional objects by 
using Micro Control Systems’ Perceptor. A 
captive stylus controls potentiometers that 
provide 3-D coordinates to a computer. The 
digitizing volume is 20,000 in.° 


AS AAP TERE PLE BEAL RN OE BTN PIN LN PRT LON SERS ATT EE INI BS NAT ER SI AH LI LN 8 SB TH ONG AR LT BD, TS DRT BOER RE BE CIPS 





74 








cursor moves outside the dead zone. 
Because almost all digitizers are 


tied to a fixed electrically active 


base, their use is limited in some 
applications. In contrast, however, 
Science Accessories Corp’s GP-7 
and GP-8 sonic digitizers require 
only a flat surface and thus can 
serve special needs. For example, at 
Boeing Aircraft Corp, a GP-8 digi- 
tizer sits on a wiring-harness layout 
table and transmits connector and 
termination locations to a computer. 

Instead of the tablet’s base being 
electrically coupled to its cursor or 
stylus, a sonic digitizer uses a set of 
microphones to generate coordi- 
nates for the sound source in the 
stylus. The GP-7 digitizer module 
sits behind your graphic material 
and provides an 18 X24-in. or 20 x 26- 
in. active work area. A narrow L- 
shaped case houses the GP-8 digitiz- 
er, which positions sensors along 
your work area’s length and width. 
Standard work areas for the GP-8 
range from 20X20 in. to as large as 
6070 in. 

Also, because sonic digitizers 
don’t depend on proximity to a spe- 
cial work surface, they can digitize 
3-dimensional objects. However, 
such digitizers require extra micro- 
phones and control circuits. Science 
Accessories Corp’s 3-dimensional 
digitizer operates within a 
20x2020-ft volume, providing a 
resolution of 0.01 in. 

Micro Control Systems Inc also 
sells a 3-dimensional digitizer, 
Perceptor, but it has a different 
digitizing approach. Instead of 
using a freely moving sonic stylus, 
you locate points on an object’s sur- 
face with a captive stylus. Potenti- 
ometers within the Perceptor’s five 
mechanical joints let an internal mi- 
croprocessor compute 3-dimensional 
Cartesian coordinates. EDN 
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With the Logic Analysis System LAS 

you always have a strong card in your hand. 
The modular design of the LAS affords 
optimal configuration for your measurement. 
The LAS with seven options and uP probes 
to match all standard microprocessors is 
counted amongst the best of logic analysis 
systems. 


8-bit uP probes: 
8080; 8085/NSC 800; Z80; 6502; 
6800/02/08; 6809/09E; 8031/51 


16-bit uP probes: 
8086/88; 80186/88; 68000 


Ethernet test probe 
Ask for the detailed brochure Info LAS 
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COMPUTER-CONTROLLED CONNECTOR CIRCUIT 
CUTS CABLE CHANGE-OVERS 


As part of our total 
computer-controlled 
television concept, we are 
supplying a_ versatile 
switching circuit for use 
with a peritelevision 
connector as Sepscnice by CENELEC. The 
TDA8440 offers flexibility and low-distortion 
performance unobtainable in _ discrete 
solutions. By performing peritelevision 
connector. switching functions to select 
signal source under control of-a microcon- 
troller, the bipolar IC eliminates manual 
interchanging of cordsets at the rear of a 
display unit or tv set. Although communi- 
cation is normally via the two-line serial l@C 
bus, non-l2C bus control is also possible. 
The circuit can also be controlled by the d.c. 
level on the function switching pin of the 
peritelevision connector. 





The TDA8440 can select one of two video 
signals together with their stereo/dual 
sound channels. An off position can also be 
selected so that the input signal can be 
derived from another TDA8440. The circuit 
has two three-state switches for audio 
channels and one three-state switch for the 
video channel. There is a video amplifier 
with a selectable gain of one or two. 
Expansion up to seven devices is possible. 
Minimum crosstalk attenuation for video 
switching is 60dB and total harmonic 
distortion for the audio channel is maximum 
0,1 %.The 18-pin IC operates from a supply 
voltage of 10 to 13,2 V and requires a 
maximum unloaded supply current of 
50 mA. The operating ambient temperature 
range is Oto 75 °C. 
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PHONE PERIPHERAL POWER SUPPLY PROVIDES 
FRESH APPLICATION POSSIBILITIES 


We are introducing a completely new 
concept to_ line-powered _ electronic 
telephone sets in the form of an integrated 
circuit which provides a power supply for 
peripherals such as extended dialling and/ 
or loudspeaking facilities. The TEA1080 
improves the performance of electronic 
telephone sets by eliminating disturbances/ 
distortion caused when peripherals are 
powered directly from the line. In addition 
the bipolar circuit allows the use of 
peripherals not suitable to be powered 
directly from the line, for example 
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memories, displays and microcontrollers. 
Operating over a line voltage range of 2,5 to 
10 V, the new IC has a d.c. output voltage 
range of 2 to 9,5 V and a maximum d.c. 
output current of 30 mA. Since it has a high 
input impedance to audio frequencies of 
over 8 k). the TEA1080 can be connected 
directly to the telephone line (via a polarity 
guard). It offers two modes of operation: 
either a regulated output voltage or a 
constant d.c. voltage drop in series with a 
resistor between ‘the line and its output 
terminal. 

The circuit can handle large speech signals. 
For example, at a typical a.c. line level of 
1,5 V imposed on a d.c. level of 4,5 V, 
the distortion of the line signal is less than 
2 % for an output current of 15 mA. 

The TEA1080 is powered by a part of the 
surplus of the line current which is normally 
sinked to the voltage regulator of the 
speech/transmission circuit. The circuit 
requires only five or six external capacitors 
and resistors. Maximum internal supply 
current is 1mA and operating ambient 
temperature range is —25 to 70°C. 
The TEA1080 comes in an 8-pin plastic DIL. 
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SOLID ALUMINIUM 
ELECTROLYTICS 
COMPLEMENT EXISTING 
SERIES 


Philips is complementing its existing 
123-series of axial solid aluminium 
electrolytics with a new series offering 
enhanced CV-products in smaller can sizes. 
The new 125-series brings all the advan- 
tages of solid aluminium electrolytics to 
applications previously only covered by 
solid tantalum eleéctrolytics. Advantages 
such as: no failure mechanism; wide 
operating temperature range from —55 to 
+125 °C; reverse voltage capabilities; high 
ripple current; and no requirement for a 
charge/discharge series limiting resistor. 
The new series covers three can sizes: can 
size B(5x 15 mm); can size A3 (6 x 10 mm): 
and can size A2 (5 x 10 mm). Can size B is 
identical in dimensions, CV-product and 
specifications to the CSR-13 (tantalum 
standard) can size B. Can size A3 is identical 
to can size B in CV-product and specifica- 
tions; the feature of this type is its short 
length making it very suitable for automatic 
insertion. Can size A2 covers a lower 
CV-product range and is also ideal for 
automatic insertion. 

The 123- and 125-series together now offer 
equivalents for all tantalum can sizes, 
as well as two larger sizes (can sizes 5 
and 6). | 

Specified to the IEC384-4 long life grade, 
the new 125 capacitors offer long life and 
high reliability, for example endurance test 
lifetime at 125 °C is 2000 hours. Nominal 
capacitance range (E6 series) is 0,22 to 
68 wF with a tolerance of 20 %. Rated 
voltage range is 4 to 35 V. Climatic category 
is 55/125/56. 
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FASTEST PROMs 
ON THE MARKET 
STORE 16 TO 64 KBITS 


We are supplying a new family of high- 
speed bipolar PROMs consisting of the 
16 Kbit 82HS195/195A/195B, the 32 Kbit 
82HS321/321A/321B and the 64 Kbit 
82HS641/641A/641B. The 82HS195B, 
82HS321B and 82HS641B are the fastest 
16, 32 and 64 Kbit PROMs in the industry 
with maximum access times of just 25, 30 
and 35 ns respectively. 

The speed capability of the PROMs is a 
direct result of a new proprietary process 
technology known as HS2Z. This combines 
the best features of oxide isolation and 
vertical fuse integration. In addition to high 
speed, PROMs made with HS2Z 
demonstrate low power dissipation and very 
high field fusing yields. Applications for the 
TTL-compatible devices include high- 
speed electronic data processing, telecom- 
munications, sequential control, microprog- 
ramming, control store, random logic and 
code conversion. The devices are field 
programmable using commercially 
available PROM programmers and have 
been tested to programming yields of better 
than 98 %. 

The 20-pin N82HS195 (the N_ prefix 


indicates the commercial operating temper- 
ature range of 0 to 70°C)has a maximum 
access time of 45 ns; the N82HS195A is 
rated at 35ns maximum and_ the 
N82HS195B at 25ns. The extended 
temperature version (prefix S; —55 to 
+125 °C) offers a maximum access time of 
35 ns. Power dissipation is typically 35 wW 
per bit. These 16 Kbit PROMs are organized 
4K x 4bits. 

The 24-pin N82HS321, N82HS321A and 
N82HS321B have maximum access times 
of 45, 35 and 30 ns. Typical power dissi- 
pation is 20 wW per bit. Organization of 
these 32 Kbit devices is 4Kx8 bits. 
Organized 8Kx8 bits, the 24-pin 
N82HS641, N82HS641A and N82HS641B 
have maximum access times of 55, 45 and 
35 ns and a typical power dissipation of 
20 wW per bit. 

All the PROMs have on-chip decoding anda 
chip-enable input for memory expansion. 
Tney need no separate fusing pins and 
feature three-state outputs for optimization 
of word expansion in bussed organizations. 
The PROMs are supplied with all outputs at 
a logic HIGH. They are available in ceramic 
or plastic DILs, and in plastic leaded-chip- 
Carriers. 
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WIDEBAND TRANSISTOR 
HAS HIGH POWER 
HANDLING CAPABILITY 


Philips is expanding its line of wideband 
transistors with a new type possessing a 
transition frequency of typically 7,5 GHz 
and exhibiting the highest presently 
available power handling capability for this 
category of transistor. The BFG195 can 
handle a power dissipation of 0,5 W and 
features a unilateral power gain of 12 dB at 
an operating frequency of 2 GHz. 

The BFG195 is for applications in high-gain 
wideband systems up to 2 GHz, for ~ 
example in the first intermediate frequency 
section of satellite tv receivers. 

The BFG195 incorporates Philips second 
wideband transistor crystal with a transition 
frequency of 7,5 GHz. The first in the range, 
the BFG65, is alower power-rated type. The 
higher power handling capability of the 
BFG195 is due to a larger active area of the 
crystal almost three times the size of the 
BFG65 crystal. The improvement in power 
handling performance has been achieved 
without any increase in distortion. 

The npn transistor is encapsulated in the 
plastic crosspack SOT-103. Maximum 
collector-emitter voltage is 10 V. 
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STATE-OF-THE-ART 8-BIT MICROCONTROLLERS AVAILABLE NOW 


As a true alternate source for Intel’s 8051 
family of 8-bit microcontrollers, we provide 
a reliable European source for the latest 
state-of-the-art versions of these industry- 
standard devices. New types include the 
MAB8052AH, MAB8032AH and a very fast 
15 MHz version of the MAB8031AH. All 
these microcontrollers are manufactured in 
an advanced 2 micron NMOS process. 

The MAB8052AH contains a non-volatile 
8 Kbytes of ROM and 256 bytes of RAM, 
32 I/O lines, and three 16-bit timer/event 
counters. External memory is expandable 
up to 128 Kbytes. The architecture features 
non-page orientated instructions, direct 
addressing, four 8-bit register banks, stack 
depth up to 256 Kbytes, and binary and 
BCD arithmetic plus bit handling 
capabilities. 

The MAB8032AH is a ROMless version of 





the MAB8052AH. Both devices have a 
12 MHz on-chip oscillator resulting in an 
execution speed of 1 us for 58 % of the 
instructions. The instruction set consists of 
255 instructions 44 % of which are one 
byte, 41 % two byte and 15 % three byte. 
With an external clock, frequency is variable 
from 3,5 to 12 MHz. Both the MAB8052AH 





and MAB8032AH are packaged in a 40-lead 
plastic DIL. The devices will soon also be 
available in the 44-lead PLCC44 plastic 
leaded-chip-carrier. 

The MAB8031AH is a ROMless version of 
the MAB8051AH. The new 15 MHz type is 
an addition to the existing 8, 10 and 12 MHz 
versions. The MAB8031AH _ features 
128 bytes RAM, 32 I/O lines, and two 16-bit 
timer/event counters. The device is 
available in either a 40-lead plastic DIL ora 
44-lead plastic leaded-chip-carrier. 

For the MAB8031AH different versions are 
available covering the temperature ranges O — 
to 70 °C, —40 to 85 °C, and —40 to 100 °C. 
This makes the device suitable for a wide 
variety of control applications under 
different environmental conditions. 
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On November 13,1985, 
Thomson acquired most of Mostek’s assets. 
Its good news forThomson. 

ItS good news for Mostek. 





And its good news for you. 


Now with the newly formed THOMSON 
COMPONENTS-MOSTEK CORPORATION, we are re- 
inforcing both our product-based technologies and our 
worldwide marketing network. 

But when you get right down to it, products and 
technologies are not enough. A company’s most valu- 
able assets are the trust and respect of its customers. 

And we are going on record as saying that 
THOMSON SEMICONDUCTEURS is committed to 
eaming your trust and respect. Not to mention your 
business. 

We have an outstanding track record for growth 
— 11% in 1985. For a company our size, we now 
have a larger base of diversified products than anyone in 
the industry. 

What's more, we’re working hard at matching our 
products to your application requirements and improv- 

_ ing the service and support that goes with them. 

In coming weeks, you'll be learning more about 
both our products and company. But in the mean- 
time, we just wanted to let you know how much we 
appreciate your support. And how much we value 


your business. 


Jacques Noels 
Chairman 


THOMSON 
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ing aids minimize errors d 


software design, coding, and modification 


Chris Terry, Associate Editor 


You can’t yet find a computer that 
programs itself—such things exist 
only in the realm of science fiction— 
but by employing one or more pro- 
gramming aids, you can make your 
computer handle much of the te- 
dious work associated with program 
or software-system design. These 
programming aids—which include 
structured-analysis tools, syntax 
editors, language-sensitive editors, 
interpreters, formatters, profilers, 
and source-code managers—check 
large quantities of data rapidly for 
internal consistency, adherence to 
syntactical rules, and correlations 
between data sets. Such checks 
minimize the errors that can occur 
during program or software-system 
design, during coding, and during 
program modification. 


Computerized system analysis 

When yov’re designing a program 
or software system, you'll find 
structured-analysis tools invalua- 
ble. The structured-analysis tech- 
nique, which was originally devel- 
oped by Yourdon Associates (now 
Yourdon Inc) of New York, uses 
data-flow diagrams (DFDs) to de- 
scribe a proposed software system. 
-DFDs define each item of data used 
as input to a transformation pro- 
cess, the data transformations that 
take place, and the data items that 
emerge from the process. 

DFDs are simple and clear 
enough to allow your customer to 
understand precisely what a pro- 
gram will do, so that you and the 
customer can readily agree on the 
software system’s specifications. 
The DFD’s process symbols repre- 
sent complex tasks or even whole 
programs. When the analyst and 
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dictionary to ensure that they don’t 





programming team begin to build 
the system from the top down, they 
expand the DFD’s process symbols 
at each level, splitting complex 
tasks into simpler tasks or even new 
DF Ds. 

For your entire software system 
to be internally consistent, you must 
build a data dictionary as your de- 
sign proceeds from level to level. 
The entries in the data dictionary 
completely define all input data 
items, all intermediate products, 
and all output data items. Program- 
mers working on different parts of 
the system refer to the data 


give different names to the same 
data item. 

Although structured analysis is 
invaluable in creating new systems, 
it entailed a lot of clerical overhead 
until recently. Although you could 
easily build and update the data 
dictionary with a word pro- 
cessor—or even create DF'Ds with a 
graphics package—you couldn’t in- 
tegrate the data dictionary with the 
DF Ds in the computer. Your project 
depended, therefore, on the fre- 
quent manual updatingof the diction- 
ary and the: DF Ds, and the circula- 
tion of this information, on paper, to 





You can develop data-flow diagrams (DF Ds) for a complex software system with the aid of 


Tektronix’s structured-analysis tools for VAX/VMS and Unix systems. You specify data items 
with the graphics editor, and the software automatically places the items in the project’s data 


dictionary. 
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Single vendor convenience and 
accountability... Multi-vendor 
flexibility and savings. 
Introducing New Micro, the 
company dedicated exclusively 
\ to the integration of popular 
multi-vendor microprocessor 
development tools. 

A joint venture of both com- 
panies, New Micro combines 
, the applications and systems inte- 
eretion experience of ARS Microsystems, 


Europe’s leading development systems house, 


with the extensive in-circuit emulator design 
and manufacturing capability of Microtek, 
International, developer of the widely used 
MICE emulators.* 

New Micro does the work for you. We 
identify and integrate software from our own 
line, your host computer supplier and third 
party vendors. The result is a cost-effective 
system that’s tailored to your needs. A 
system that offers outstanding quality 
assurance because its debugging software 
enhances the diagnostic capabilities of its 
MICE emulators. 

The New Micro Solution... 

—Minimizes your time spent in locating 
and integrating programming tools. 

—Assures you the most effective combina- 
tion of software and hardware tools. 


*New Micro, Inc. is the exclusive U.S. distributor for Microtek International 


in-circuit emulators. 


NOTE: PC-DOS, MS-DOS, VAX/VMS, UNIX, CP/M-86 are trademarks of IBM 
Corporation, Microsoft Corp., Digital Equipment Corp., AT&T, Digital Research 


Inc., respectively. 
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: ‘THe INTEGRATED SOLUTION FOR 
' MICROPROCESSOR DEVELOPMENT/DEBUG 


—Helps keep your development time and 
costs under tight control. 


— Maximizes your software development 

productivity. | 

If your operating system is PC-DOS, 
MS-DOS, VAX/VMS or UNIX, New Micro 
can configure a system for your single user, 
networked or multi-user environments. A 
system that does the total job with Micro- 
tek’s emulation and debugging software 
for-all popular microprocessors from Intel, 
Motorola, Zilog, National Semiconductor 
and other leading manufacturers. 

For an analysis of your system needs, ora 
demonstration of popular integrated debug- 
ging tools with your host system, call us. 































New Micro, Inc. 


16901 South Western Avenue, 
Gardena, California 90247 
(213) 538-5369 
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A number of new programming 
tools, however, let you integrate the 
DFD with the data dictionary and 
perform all updating on the comput- 
er. One such tool, Analyst Toolkit 
from Yourdon Software Engineer- 
ing (a joint venture of Yourdon Inc 
and the Cadware Group Ltd of New 
Haven, CT), runs on the IBM PC, 
PC/XT, PC/AT, and compatibles. 
The software package’s graphics 
allow you to create symbolic graphic 
models of real-time, on-line, and 
batch-processing systems, as well 
as other types of systems. 

You use a mouse to draw DF Ds, 
entity-relation diagrams, state- 
transition diagrams, and free-form 
graphics. You build the data diction- 
ary from your diagrams by means 
of the diagram-extraction feature. 
Error-checking facilities test the 
graphics models at all stages of the 
design for consistency and accura- 
cy. The Analyst Toolkit requires 
640k bytes of RAM and 10M bytes 
of hard-disk storage; it costs $3500. 

Tektronix offers structured- 
anaylsis editors that run on DEC 
VAX computers under Unix or 
VMS. These graphics editors let 
you build and display DFDs by ex- 
tracting existing data items from 
the data dictionary. When you intro- 
duce new data items into a DFD, 
the editor prompts you for their 
definitions, checks them for consis- 
tency, and then automatically incor- 
porates them into the data dictiona- 
ry. Prices for the software start at 
$16,500. 

Another set of structured-analy- 
sis tools, Teamwork/SA from Cadre 
Technologies, runs on Domain 
workstations from Apollo 
(Chelmsford, MA). Both single- and 
multiple-user packages are avail- 
able. The multiuser version lets all 
members of a design team access a 
central project library that includes 
data dictionaries, DFDs, process 
specifications, and project-manage- 
ment data. In addition, team mem- 
bers can enter annotations consist- 
ing of information necessary to the 
system model that doesn’t fit into 
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the standard structured model. 
Such annotations can consist of free- 
form text, and you can cross-refer- 
ence them to many portions of the 
structured specification. 
Teamwork/SA provides a graph- 
ics editor, a process-specification 
editor, analysis utilities, and a con- 
sistency checker. The graphics edi- 
tor is syntax oriented and operates 
strictly according to Yourdon Asso- 
ciates’ rules for building DF'Ds and 
for establishing their relationships 
to other objects in the system speci- 
fications. The process-specification 
editor also adheres to these rules. 





The package’s analysis utilities can 
manipulate objects in the system 
only according to these rules, and 
its consistency checker detects both 
specification errors within a given 
DFD and inconsistencies between 
DFDs. Teamwork/SA costs $8900 
per workstation. 

An even more extensive system, 
Promod from Promod Inc, supports 
all stages of your software-system 
design, from structured analysis 
through coding and maintenance. 
The software operates on DEC VAX 
systems and on all IBM PC configu- 
rations. The project library inte- 
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-- The buffering task contains an internal pool of characters 


-~ processed in a round-robin fashion. 


The pool has two indicies, 


-~ an IN INDEX denoting the space for the next character and an 
~~ QUT_LINDEX denoting the space for the next output character. 


POOL_SIZE 
POOL 
COUNT 
INL INDEX, OQUT_INDEX : 


: array (1 


begin 
if iMondition}? then 
istatement}... 
felsif_partl... 
felse_partd 
end if; 
{statement]... 
fexception_part] 
end BUFFER; 


: INTEGER range 0 .. 
INTEGER range i .. 


: constant INTEGER := 100; 
.. POOL_SIZE) of CHARACTER; 


POOLSIZE = 0 
POOL_SIZE i= 1; 


Buffer LSEDEMO. ADA Write Insert Forward 








Language-sensitive editors keep you from making syntax errors. This editor, DEC’s LSE, 
also shows you the names and data types of variables you've declared in the module you’re 


working on. 


grates the data dictionary, DFDs, 
and minispecs during the struc- 
tured-analysis phase of develop- 
ment. Promod also provides code- 
frame generators for C, Pascal, and 
Ada for use during the coding 
phase. These frames let you view 
the variables and data types that 
you've declared and entered in the 
data dictionary, ensuring that the 
code is syntactically correct and the 
variables are consistent. 

The package also provides a com- 
prehensive documentation facility, 
which takes the relationships be- 
tween modules into account, and a 
version-maintenance facility, which 
ensures that when you rebuild your 


system after modifying it you use 


only the latest version of each mod- 
ule. Prices start at $9950 for the 
IBM PC version and $37,500 for the 
VAX-11/780 version. 


Find errors while coding 


Once your system analysis and 
design are complete, you can use 
another set of programming aids— 
syntax checkers, language-sensitive 
editors, interactive interpreters, 
formatters, and profilers—to ease 
your coding task. You don’t need as 
much computing power to reduce 
coding errors as you do to automate 
system analysis, so you can usually 
use these tools on a personal 
computer. 
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If you use a syntax checker, you 
must first write the code with a 
standard editor. One example of a 
syntax checker is the Unix Lint 
utility, which comes in several ver- 
sions for the MS-DOS environment. 
For example, Gimpel Software of- 
fers PC-Lint for $98. Entelekon of- 
fers a Lint package for $129.95. 


Language-sensitive editors 


Unlike syntax checkers, which 
check code after you’ve entered it, 
language-sensitive (or syntax-di- 
rected) editors operate according to 
the rules of one or more high-level 
languages (eg, Fortran, C, Pascal), 
detecting or correcting illegal state- 
ments as you enter them. Hyper- 
Micro Inc offers ESP, a syntax- 
directed editor that comes in 
versions for C and Pascal. The edi- 
tor, which costs $200, recognizes 
the rules of the language and de- 
tects errors in the statements you 
enter. For example, the moment 
you enter the word “if” on a line, the 
editor displays a template showing 
the correct format of the If... 
Then... Else construction, with 
place holders that you can overwrite 
with your statements. 

The software handles the tedious 
syntactic details automatically, 
without your intervention. For ex- 
ample, it inserts a semicolon at the 
end of each statement, pairs Begin 


and End statements (in Pascal) or 
braces (in C), and checks syntax, 
ensuring, for example, that you’ve 
declared variables properly and 
haven’t mismatched data types. To 
use this program as a standard 
multiwindow text editor, you simply 
turn off the language-sensitive fea- 
tures and use just the general fea- 
tures, such as the global-search- 
and-replace and cut-and-paste — 
functions. 

Spruce Technology offers a simi- 
lar syntax-directed editor for C pro- 
grammers. The package, FirsTime, 
has macro capabilities, so you can 
generate whole program and state- 
ment structures on the screen with 
a single keystroke. It costs $295. 

Some expert C programmers 
have found that, at least in the early 
versions, these packages reject 
some constructs that a Unix compil- 
er would accept and handle correct- 
ly. Nevertheless, both packages are 
valuable aids to programmers who 
are not yet expert in C and Pascal or 
who want to avoid some of the syn- 
tactic detail so they can concentrate 
on the program logic. 

C Ware Corp offers See, a gener- 
al-purpose, full-screen editor that 
can edit two files simultaneously. 
The editor, which costs $50, has 
macro capabilities. It provides auto- 
matic indentation and matching of 
parentheses, brackets, and braces. 
The matching feature ensures that 
your program’s structure is correct 
while giving you more freedom than 
do the mandatory templates and 
syntax checking of ESP and 
FirsTime. 

Alice, a Pascal package distrib- 
uted in the US by Software Chan- 
nels Inc, combines a_fill-in-the- 
blanks editor and syntax checker 
with an interpreter and extensive 
on-line help files. When you write a 
program or module with the editor, 
you can execute it immediately with 
the interpreter, either at full speed 
or one statement or one procedure 
at a time. A backward-tracing fea- 
ture lets you find out just how the 
program reached a particular state- 
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SPRAGUE Sprague has led the way in power interface since 1970. After originating its line of 

Power ICs (PICs), Sprague has increased emphasis on circuits for stepper, servo, and 
brushless d-c motors. Output drive capabilities have been extended to 

PICs L AS +4 A per channel and to sustaining voltages exceeding 60 V. Motor 


driver types include half-bridge, full-bridge, dual full- 

MOTOR MUSCLE bridge, three-phase, translator/driver, and power driver 

@ sink or source arrays. All devices include diode transient 
protection. Many feature current limiting (PWM), thermal shutdown, over-voltage and/or short-circuit protection. Sprague 
Electric Company, a Penn Central unit, World Hdgtrs., Lexington, MA. For Brochure WR-202, 
write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, 
MA 02048-9102. For applications assistance, call Mark Heisig or Tom Truax at (617) 853-5000. 
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ment. The package, which provides 
a number of other debugging fea- 
tures, costs $95. 

One drawback of Alice is that it 
stores source code as a binary, 
tokenized file, so it doesn’t let you 
use existing source-code files with- 
out rekeying them via Alice’s edi- 
tor. Turbo-Pascal source-code is an 
exception, however: A utility that 
comes with Alice can convert 
Turbo-Pascal source-code files to 
Alice’s format. The utility performs 
syntax-checking on your code dur- 
ing conversion. Another drawback 
is that Alice is based on Waterloo 
Pascal, so its extensions may not 
correspond to those your compiler 
supports. 

Language-sensitive editors that 


run on IBM PCs and compatibles. 


are limited to some degree, both by 
the PCs’ computing power and by 
the fact that the editors are chiefly 
for novices and programmers who 
work in the PC-DOS environment. 
However, for the professional pro- 
grammer who works in a VAX envi- 
ronment under VMS or Unix, ven- 
dors offer a number of very 
sophisticated language-sensitive 
editors. 

Language-sensitive editors for 
the VAX include Digital Equipment 
Corp’s LSE, which provides both 
templates and on-line help for the 
Ada, Basic, Bliss, C, Cobol, For- 
tran, Pascal, and PL/I languages. 
The LSE is part of the company’s 
VAXset package, which includes 
maintenance software and test facil- 
ities and starts at $13,800 for the 
MicroVAX. You can choose the fill- 
in-the-blanks mode, in which you 
complete statements such as “If 
... Then” statements. Optional 
statements, such as “Else” and 
“Else if,” will disappear if you don’t 
use them. Alternatively, you can 
enter your code in free form but call 
up help screens for any constructs 
about which you are in doubt. If 
you're writing an Ada program, for 
example, you can call up and view 
the data types and variables that 
you’ve declared, to make _ sure 
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they’re consistent. 

The LSE can compile your pro- 
gram for error checking only (not 
for code generation) from within the 
editor. Compilation errors appear in 
one window, and the source code 
that caused the errors appears in a 
second window. You can immediate- 
ly correct the error and continue the 
compilation. When you reach the 
end of the program, you can compile 
for code generation and link the 
modules. 

A syntax-directed editor for Pas- 
cal programs in VAX or PDP-11 
environments is the $1250 Pasced 
package from Real Time Products. 
Like Alice, Pasced stores programs 
in binary, tokenized form that rep- 
resents their internal tree struc- 
ture. However, Pasced lets you 
view external source-code files on a 
read-only basis, and you can import 
all or part of an external file by 
using a conversion utility, which 
checks the syntax of imported code 
during the conversion process. 


Interpreters debug quickly 


Another programming tool that 
can save you a lot of work on com- 
piled programs is an interactive in- 
terpreter, which executes a module 
or a program and finds both syntax 
and logic errors before you compile 
and link the program. 

Although compiled programs run 
very quickly, corrections to them 
require a lot of work. You write 
your program with a standard edi- 
tor, then leave the editor and invoke 
the compiler, which tries to process 
the whole program, generating exe- 
cutable code unless it encounters a 
drastic error. When the compilation 
is complete, you must inspect and 
record the list of errors, return to 
the editor to make the corrections, 
and reinvoke the compiler. When 
the compiler finds no more errors, 
you have to invoke the linker before 
you can run the program. Any 
change to the program, no matter 
how small, requires you to repeat 
the entire edit-compile-link-run 
cycle. 


Interactive interpreters, howev- 
er, let you correct errors before you 
compile code. Vendors are offering 
an increasing number of interpret- 
ers for C and Pascal. In the person- 
al-computer environment, where C 
and Pascal compilers differ consid- 
erably from each other as well as 
from the corresponding Unix or 
VMS compilers, each interpreter 
operates in conjunction with a spe- 
cific MS-DOS compiler. For exam- 
ple, Gimpel Software supplies 
C-terp in five different versions that 
work in conjunction with the Lattice 
(Glen Ellyn, IL), Computer Innova- 
tions (Tinton Falls, NJ), Aztec 
(from Manx Software Systems), 
Mark Williams (Chicago, IL), and 
Microsoft (Redmond, WA) 3.0+ C 
compilers. C-terp costs $300. 

MS-DOS users can choose from at 
least six other C interpreters rang- 
ing in price from $49 for Apprentice 
C (from Manx Software Systems) to 
$500 for Smart C (from AGS Com- 
puters). The Smart C package in- 
cludes a migrator program that 
translates any C source file in 
ASCII format into a form that 
Smart C can use both to edit and to 
interpret. Further, once the editor 
has checked the program for syntax 
errors and the interpreter has suc- 
cessfully run the program, you can 
create a clean source-code file in 
ASCII format. The company claims 
that such an output file will be com- 
patible with most commercially 
available compilers and will compile 
cleanly without modification. 

C interpreters are also available 
for minicomputer or workstation en- 
vironments. Smart C, for example, 
comes in versions for the AT&T 
3B series and for VAX systems run- 
ning Unix System V, Berkeley BSD 
4.2, or Xenix. The VAX 11/780 ver- 
sion costs $10,000. 

Catalytix’s Safe C, a package that 
contains a stand-alone interpreter 
as well as a number of analytical 
utilities, runs on a number of com- 
puters under a variety of operating 
systems, including MS-DOS, VAX/ 


_ VMS, and Unix. It costs from $1000 
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to $8000, depending on the operat- 
ing system you buy it for. This in- 
terpreter implements an abstract 
machine for C, so the debugged 
source code will compile cleanly on 
any other machine. The interpreter 
has a number of debugging features: 
It can perform single-stepping, in 
which the interpreter stops at each 
semicolon; it can set breakpoints at 
any point in the source code, so they 
can depend upon any group of condi- 
tions; and it can trace at every ex- 
pression, statement, and function 
eall. 

If you don’t use a language-sensi- 
tive editor or an interpreter while 
coding, but simply use a standard 
editor to write source code for your 
compiler, you can easily miss a clos- 
ing parenthesis or brace, or change 


| the indentation level by mistake. 


Formatters and profilers help you 


p For m 


For more = information on the : 


avoid such errors. Formatters let 
you arrange lines of code so they’re 
easy to read. Profilers provide sta- 
tistics on how many times each pro- 
cedure or function is called. 

Source Print from Aldebaran 
Laboratories Inc, a formatter for 
the MS-DOS environment, formats 
your C, Pascal, or Modula-2 source 
code by emphasizing reserved 
words, indenting nested structures, 
and placing vertical lines between 
paired braces or Begin... End 
pairs to show the level of nesting. 
The program also prints statistics 
on the number of characters and 
lines in the file. You can choose to 
have the program number each line 
of the program. Source Print sells 
for $97. 

Catalytix offers a dynamic profil- 
er for use with the company’s Safe C 
interpreter. The profiler, which 
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costs from $1000 to $8000, depend- 
ing on the operating system, pro- 
duces both statement- and function- 
level statistics. It indicates how 
many times each statement or func- 
tion was executed. The software 
prints the statement-level statistics 
alongside the statements to which 
they refer, and it presents the func- 
tion-level profile in the form of a 
histogram. The statistics this pro- 
gram provides are useful both for 
finding sections of code that don’t 
get executed and for identifying po- 
tential bottlenecks. 

When you modify your completed 
system, you must make sure that 
your next release contains the latest 
versions of every module. If you’re 
working under Unix, you can use 
the Make utility, which analyzes the 
intermodule dependencies of a soft- 
ware system. When you change one 
module and recompile it, the Make 
utility constructs a command file 
containing all the commands you 
need to change, recompile, and 
relink all the modules affected by 
the change. Of course, you have to 
set up the dependencies in the first 
place, but a command language as- 
sociated with the Make utility al- 
lows you to do so relatively easily. 

The Make utility is part of the 
Unix environment and comes with 
that operating system, but if you’re 
working in an MS-DOS environ- 
ment, you can use one of several 
add-on versions of the utility. 
Softfocus offers a Make utility for 
$59 that works with programs writ- 
ten in any high-level language. Seidl 
Computer Engineering offers SMK, 
another version of the utility, for 
$100. SMK works in conjunction 
with Seidl’s SVM ($300), a version 
manager that maintains a complete 
revision history of any text or 
source-code file. The manager en- 
sures that when you rebuild your 
software system, either to upgrade 
it or reconfigure it for different 
hardware, you link in the correct 
versions of the required modules. 
You can purchase both SVM and 
SMK for $380. 


An even more extensive version- 
maintenance system from DEC con- 
sists of two programs: the code- 
management system (CMS), and 
the module-management system 
(MMS), which are part of the 
VAXset package. The CMS auto- 
matically records every change to 
all of a project’s source-code files, 
the dates of the changes, and the 
names of the programmers who 
made the changes. CMS merges 
modifications and stores current 
and historic versions of all source- 
code files in a library. The program, 
which is similar in function to the 
Unix SCCS (source-code control 
system), allows you to reconstruct 
any phase of a project. 

The MMS follows instructions and 
rules in a system-description file in 
which you’ve described the interre- 
lationships of the various compo- 
nents of your software system and 
defined the module dependencies. 
When you rebuild your system, 
MMS determines which modules of 
the system have changed since the 
last release and need to be 
recompiled. The software then 
makes sure that the rebuilt system 
incorporates all the latest changes. 

The design, coding, and system- 
maintenance tools that are rapidly 
becoming available for personal 
computers, workstations, and mini- 
computers, are beginning to do for 
software engineers what CAE sys- 
tems do for electronic-hardware de- 
signers. By lifting much of the cleri- 
cal burden, these tools leave the 
engineer free to concentrate on the 
aspects of design that require imag- 
ination and intelligence. Although 
software-design and coding tools 
are not yet complete expert sys- 
tems, you can expect to see soft- 
ware vendors applying some of the 
emerging artificial-intelligence 
techniques to design, coding, and 
maintenance tools in the near fu- 
ture. EDN 
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Accuracy. Speed. Reliability. Support. PSpice. 


Since its introduction over two years ago, MicroSim’s 
PSpice has become the most popular commercial SPICE 
program in the world. 


With over 20 years of combined real world experi- 
ence in CAD, MicroSim offers an analog circuit 


simulator based on Berkeley version 2G.6 that has 
set the standard for IBM PC based machines. 


PSpice allows you to simulate up to 140 transistor 
circuits (and over 10,000 nodes). With PSpice 

you will be able to design in minutes com- 

plicated circuits that used to take hours, 

without doing costly breadboarding, 

all with the convenience of using your 


own PC. 


Besides offering improved con- 
vergence properties over other 


SPICE-based programs, we also offer: 
@ a GaAs MESFET model 


@ a device library which includes bipolar transistors, 
power MOSFE Is, opamps, diodes and comparators 


@ full telephone and mail-in support. 


In addition we also offer an innovative graphics 
post processor called Probe that transforms 

your CRI into a “software oscilloscope”. 

(The picture above was generated using 


Probe.) 


If you are interested in doing your 
circuit simulations in a timely man- 
ner and at a fraction of a mainframe’s 
cost, please give us a call today! 


MicroSim Corporation 


23175 La Cadena Drive @ Laguna Hills, CA 92653 


(714) 770-3022 @ (800) 826-8603 © Telex: 265154 SPICE UR 
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included new high performance 
cross-assemblers. 

Best of all, in addition to more 
capabilities, we’ve even held our 
low price. | 


Our 16-bit emulator keeps 
state-of-the-art system debug 
from turning into a state 

of siege. 

It takes a powerful emulator, 
not promises, to get a bug-free 
product to market quickly. Applied 
Microsystems’ 16-bit ES emulator 
runs identically to the processor in 
your target system. At the full- 
rated clock speed. 

Our unique Event Monitor 
‘System lets you precisely control 
and monitor emulation flow with 

: ~ acombination of address, data, 
1g,we _ Status, pass counter, and logic 

| _ state events. You can quickly sort 
through thousands of bytes of 
code to find the small sections © 
_ where bugs are embedded. Once 
- discovered, use our resident sym- 
bolic debug to quickly patch in 
‘new om test it in real time: 


ntered around a 
debugger, Vali- 


~ Seventy-two hours ago 
't know you needed an emulator. - 


the 32-bit 68020. 


32-bit emulator for our 


8-BIT: 8080, 8048 family, 8085, 8088, 


Ask us for the facts. You'll like 
what you hear. = 


“Microsystems, P.O. Box 9700 











New! Real-time emulation for 





Working with th 68020? 
Applied Microsystems has anew 
5 series. 
All the powerful debug features 
you expect from the ES. And its 
available now. 

















PROCESSORS SUPPORTED 
BY APPLIED MICROSYSTEMS 











80188, Z80, NSC-800, 6800 family, 6809, 
6809E, 68008, V20 — 


16- BIT: 68000, 68010, 8086, 80186, 
Z800X, V30 














32-BIT: 68020 





Call toll-free for the technical - 
and applications information that 
supports our promises: 1-800- 
426-3925. In Washington, wall: 
206) 882-2000. Or write A spied | 















Redmond, WA 98073-970 





In Eurtne: "Brooke House. Market Square, 





Aylesbury, Buckinghamshire, HP20 ISN, England. oe 


Tel; 44 (0296) 34822. 
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THE 68000 SERIES: 
SIGNETICS TAKES FIRST PLACE 
IN PERIPHERAL DESIGN. 

















teresa 

















68000 Peripherals Conceived and Designed by Signetics 


spare DESCRIPTIONS 
[68is4 | IGOR | interrupt Requestor |NOW_ 
[68155 | WHAN | interruptVectorizor and Handier | NOW_ 
[68172 | BUSCON | “VMEbus Master/Siave Controller (| NOW _ 
-eet7s | BUSMAS | VMEbusMaster | NOW | 
[68430 | ‘DMAI___| Direct Memory Accessinterface | NOW | 
[68454 | iMDC | “inteligent Multiple Disk Controtler____—_—_—‘|_ NOW | 
[-sease | peut | DiskPtaseLockedtoop _____| now 


Enhanced Programmable Communications 
Interface 


Dual Universal Asynchronous Receiver/ 
Transmitter 


-'BMAC | Basic Memory Access Controller/16 bits __ 
| BMAC _|_ Basic Memory Access Controller/32 bits 
| MAC. _|__ 32 bit Memory Access Controller. 












Yes, please rush me more information on the Signetics 68000 family 
| of peripherals. 








| Name 














| Position 


Company 



















Address 





State 















City. Zip 







Phone_ 


i Send coupon to: Signetics Corporation, 811 E. Arques Avenue, MS/27 
- [Po. Box 3409, Sunnyvale, CA 94088-3409 EDNO41786_ 5 


—_——§ <= —_——- = Go ce Ee nn a ee 


VLSI from Signetics 


Q subsidiary of U.S. Philips Corporation 


ee 800-227-1817 Ext. 914D 


Ask about a Signetics design seminar in a city near you. 
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PASI: and FAC! 
inceyants cr-ticeevlCoemeoceunulelerclin 
theyre the industry giants 

a brpoelar-and CMOS logie. 
‘logether, they're the reign- 
ing choice for speed/power 
superiority in virtually any 
logic application. 


FAST. The logic 

is undeniable. 
Consistency makes 

FAST the first choice of 

designers for speed-critical 

paths. It offers excellent 


speed/power performance — 


3ns gate delays and up to 
64mA output drive. And 
you can choose from a broad 
line of the most popular, 
useful functions: over 100 
SSI, MSI, and LSI devices. 
As the leading Advanced 
Schottky TTL family, FAST 
provides all the processing 
and packaging options you 
need. Including our new 
SOICs, and one of the 
broadest selections of JAN- 


qualified parts in the industry. 


The FACTs speak 
for themselves. 

Fairchild Advanced 
CMOS Technology (FACT) 
features the lowest power 
consumption in the industry, 


along with the highest noise 
a lonvenlereliavaranvectitalp) (as 


FACT also has more 
complete specs than any 
other CMOS logic techno- 
logy. Including guaranteed 
latch-up and ESD specifica- 
Coyotes lelsmehvaetaveni(enelelapyels 
current specs that allow you 
to drive low-impedance 


transmission lines, and 
guarantee incident wave 
switching. 

LAC S g ata nD = 
Glauleocw-lcomprcleleie(@aeirae 
with the Fairchild 1.2-micror 
process, resulting in CMOS 
logic with typical operating 
frequencies of 150 MHz— 
the industry's fastest. 


Together, theyre 
unbeatable. 

With TT L-compatible 
inputs, FACT’s ACT devices 
interface directly with FAST 
to optimize speed and power 
ina way no other technology 
can equal. Which eliminates 
the need to make speed or 
power trade-off decisions 
required with any single 
technology. Best of all, FAST 
and FACT are both available 
from the high-performance, 
high-technology logic leader: 

For more information, 
call The Fairchild Customer 
Information Center at 
1-800-554-4443. And ask 
for your free FACT and 
FAST Data Books and 
current availability guides. 

FAST and FACT. 

A breakthrough in team- 
work the competition 
can't keep up with. 


Pile ee ae BR stein ra f e 
SR iad ee EAR, RO ORR RE ne RR AR aR NP ORO eo one 
ee ee ee te cr oe eee nm remem 
ER so AOC ME BATT ORO ORD RRL TS OR OY. ee BORA RN Oe RR Se Ni a oe tL ho ts an ead a Sip Ln asset e s pc aetna tse 


©1986 Fairchild Semiconductor Corporation 
FAST (Fairchild Advanced Schottky TTL) and 

the FACT (Fairchild Advanced CMOS Technology} 
logo are trademarks, and the FAST logoisa 
registered trademark of Fairchild Semiconductor 
Corporation. Ad Packet Code CO7 


We’re taking 
the high ground. 
CE ae Oe ae 


FAIRCHILD 
CE ee eee 
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American Automation has 
designed more emulators than 


Intel or Motorola, more than 


Hewlett Packard or ‘Jektronix, 


more than anyone. Count on 
American Automation’s 


emulator experience. 


For each EZ-PRO emulator, 
American Automation provides 





C Language for selected 
processors. Count on American 
Automation software. 

Count on EZ-PRO from 
American Automation for the 
features you need for your proj- 
ects, including Deep ‘Trace™ 
4.096 real-time events, 256 


complete software support: break-points with zoning, 

macro cross-assembler, complex triggering, on-line 

linker, symbolic debugger. assembly/disassembly. 
EZ-PRO 2.1* SUPPORTS: 


8031 Motorola: 


8032 
8035 
8039 
8044 
8048 
8049 
8050 
8051 
8052 
8085A/A-2 
8086 
8088 
80186 
80188 
80286 


american automation 


14731 Franklin Avenue, Tustin, California 92680 (714) 731-1661 
Telex II: 910-595-2670 AMAUTO TSTN 


6800/B00 
6801 
6802/B02 
146805E2 
6803 
6808 
68B08 
6809/09E 


68B09/BO9E 
68HC11-A8 
68000 

68008 

68010 


1802 
1805 
1806 
CDP6805C4 
CDP6805D2 
CDP6805E3 





... AND MORE. 


CIRCLE NO 184 


*Connected to PC 
with MSDOS 3.1 


IBM is a trademark of 


International Business Machines, Inc. 
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Varied Electro/86 program will emphasize 
IC- and system-design topics 


Joanne Clay, Staff Editor 


Sessions on IC and system design 
will highlight the Electro/86 con- 
ference, which will cover a wide 
variety of technical subjects. The 
conference, which will be held from 
May 13 through 15, 1986, at the 
Bayside Exposition Center and 
World Trade Center in Boston, MA, 
will include talks on the latest devel- 
opments in semicustom [Cs, ASICs, 
logic arrays, VLSI circuits, memo- 
ry technology, fault simulation, 
packaging methods, interconnect 
technology, and other subjects. 
Engineers interested in IC design 
will want to attend the discussions 


on application-specific ICs. As par- 
ticipants in session 4 will report, IC 
manufacturers are making many of 
the standard VLSI functions avail- 
able as macrocells for their stand- 
ard-cell libraries. By incorporating 
these macrocells in semicustom ICs 
along with random logic, manufac- 
turers can now actually build a sys- 
tem on a chip. 

ASICs are becoming increasingly 
important for OEMs who wish to 
create competitive systems, as 
speakers in session 7 will point out. 
They'll discuss how OF Ms can maxi- 
mize the benefits of ASICs by un- 
derstanding the choices they must 
make in system design, ASIC prod- 


uct selection, CAE design tools, and 
vendor interfaces. 

Individuals interested in semi- 
custom-IC design will also want to 
attend session 1, which will focus on 
choosing design centers for custom- 
and semicustom-IC design. Lectur- 
ers at this session will explore the 
differences between manufacturer, 
distributor, and independent design 
centers. They'll also consider the 
tradeoffs—including multiple sourc- 
ing, technology sources, speed, 
power, turnaround time, and cost— 
involved in choosing a design center 
or doing designs in house. 

The ever increasing complexity of 
LSI/VLSI designs is making fault 
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12:30 PM TO 


CHOOSING A DESIGN CENTER 
FOR YOUR CUSTOM/SEMICUSTOM 
SYSTEM DESIGN 


ADDING VLSI FUNCTIONS 

TO STANDARD CELL 
LIBRARIES FOR APPLICATION- 
SPECIFIC IC DESIGN - 


ASIC: CHOICES FOR A 
NEW GENERATION 


RECENT ADVANCES IN 
DISCRETE MOS-GATED 
POWER STRUCTURES 


THE WHYS AND 
WHEREFORES OF THE 
TRANSFER OF TECHNOLOGY 


RADAR—LATEST 
DEVELOPMENTS AND 
FUTURE TRENDS* 


2 THE STRATEGIC DEFENSE 
INITIATIVE IN PERSPECTIVE 


5 ENGINEERING EDUCATION— 
WHAT’S WRONG, AND 
WHAT NEEDS TO BE DONE 
TO CORRECT IT? 


11 VLSI DESIGN WITH 
SILICON COMPILERS 


3 PERSPECTIVES ON 
SURFACE MOUNTING IN 
THE UNITED STATES 


6 HIGH-PERFORMANCE 
INTERCONNECT TECHNOLOGY: 


TAPE AUTOMATED BONDING (TAB) 


12 BEYOND MEMORY—DIVERSE 
APPLICATIONS OF 
ELECTRICALLY ERASABLE 
MEMORY TECHNOLOGY 


: ae 15 THE FASTEST SILICON _ 





_ OPA O IPOLAR ECL 





— RECS SEN DEVELOPIENTS eS 
: RAY 


23 THE NEXT GENERATION OF 


PROGRAMMABLE LOGIC 
_ DEVICES WILL LAUNCH A 
NEW ERA IN SYSTEM DESIGN—I 


26 THE NEXT GENERATION OF 
PROGRAMMABLE LOGIC 
DEVICES WILL LAUNCH A 


NEW ERA IN SYSTEM DESIGN—II 


24 FAULESIMULATION 
TECHNIQUES AND 
TESTABILITY ANALYSIS 


27 NONSTANDARD 

ATMOSPHERIC EFFECTS ON 
RADAR- AND COMMUNICATION- 
SYSTEMS PERFORMANCE 
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simulation and testability analysis 
more and more important. Partici- 
pants in session 24 will investigate 
and redefine the problem of testabil- 
ity analysis by presenting appropri- 
ate fault models for these VLSI 
circuits. The speakers will discuss 
the various solutions presented by 
leading researchers in the field and 
will evaluate the solutions from a 
user’s perspective. 

The next generation of program- 
mable-logic devices (PLDs) will be 
the topic of sessions 23 and 26, 
which will run in series. Speakers at 
these sessions will discuss the archi- 
tecture of the new devices and in- 
vestigate advanced software tools 
and new design techniques for 
PLDs. 

The use of monolithic ICs to re- 


place discrete circuits and logic in 
driving high-voltage or high-current 
resistors, capacitors, and inductive 
loads will be covered in session 13. 
Participants will discuss these mon- 
olithic-IC technologies and delineate 
the strengths of each in terms of 
their benefits for the user and their 
parametric performance. 

Also related to IC design is ses- 
sion 9, which will investigate sur- 
face mounting with ICs. Session 
participants will cover relevant is- 
sues in surface-mount technology, 
such as packaging trends, stand- 
ardization, electrical characteris- 
tics, the reliability of components 
and assemblies, computer-aided de- 
sign, and automatic placement. Ses- 
sion 3 will also look into surface 
mounting. It will present perspec- 


tives and trends in the US from the 
viewpoints of a professional fore- 
caster, a successful user of the tech- 
nology, a passive-component suppli- 
er, and a supplier of active 
components. 

The presentations related to sys- 
tem design include session 12, 
which will investigate applications 
of electrically erasable memory 
technology in nonmemory products. 
Session 15 will review the bipolar 
ECL devices currently available to 
the system designer, and session 21 
will consider the system implica- 
tions and applications of recent ad- 
vancements in disk-controller ICs. 
Speakers at this session include 
disk-controller-IC users, who will 
indicate how system designers can 
use the technological changes in 


Mini/Micro Northeast-86 


Sessions on data communications and microproces- 
sors will predominate at Mini/Micro Northeast-86, 
a conference that targets system designers. The 
conference, which offered only nine sessions last 
year, will include 27 sessions this year and will 

_ take place concurrently with Electro at the World 
Trade Center in Boston, MA. Like Electro, Mini/ 
Micro Northeast will feature four minitutorials, 
which will provide basic information in subjects 
that may be outside the area of specialization of 
many engineers. 

Among the data-communication topics the pro- 
gram will cover is satellite data communication, 
the subject of session 4, a minitutorial that will 
present the current technology for data communi- 
cations utilizing micro Earth stations. Session 13 
will focus on the current status of and new uses for 
fiber-optic systems in applications other than tele- 
communications. Participants in this session will 
report on fiber/cable status and describe applica- 
tions of fiber-optic systems in data links and local- 
area networks (LANs). 

_ For registrants who wish a general understand- 
ing of the theory, problems, and opportunities of 
the proposed Integrated Services Digital Network 
(ISDN), session 1 will give an overview of ISDN 

architecture, standards, implementation, and serv- 
ices. The session, which will be presented from the 
point of view of a provider of ISDN services, will 
predict the future direction of the ISDN. 
| _ Session 10 will also touch on the ISDN. Speak- 
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ers in this session 1 will explore the inilusteyie Ss ‘prog: 
ress toward implementing communications stand- 
ards that will allow today’s office automation 
systems to integrate LAN, PBX, and ISDN serv- 
ices in a user-friendly and cost-effective manner. 

Sessions on microprocessors will include talks on 
32-bit high-end microprocessors, the topic of ses- 
sion 15. Lecturers at this session will examine the 
options available to system designers who are con- 
sidering different types of core processors for their 
systems. Speakers will discuss 32-bit, reconfigur- 
able, and RISC devices. Session 12 will concen- 
trate on the bus options available to the user of 
these high-level computer architectures. 

Other microprocessor topics to be covered at 
Mini/Micro Northeast will include a discussion, in 
session 18, of programmable, single-chip digital 
signal processors (DSPs). Participants will give in- 
formation on specific DSP products. In addition, 
session 27 will probe new applications for low-cost — 
microcontrollers, and session 19 will investigate. 
various methods of generating software for pPs. __ 
Speakers will consider evaluation boards, emula- 
tors, computer generation, and high-level-language 
compilers. 

Bit-slice microprocessors will be the subject of 
session 3, which will focus on new concepts in __ 
CMOS bit-slice »Ps and provide design information 
and examples of applications for these innovative 
Ps. Concentrating on high-end systems that use 
bit-slice or session 6 will Jae informa- _ 
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these ICs to their best advantage. 

Finally, session 18 will survey 
recent developments in logic-array 
technology, presenting the design 
choices available to engineers who 
are creating new systems. Other 
technical sessions in Electro’s var- 
ied program will include discussions 
of interconnect technology, fault 
simulation, signal-flow analysis, and 
discrete MOS-gated transistors. 

To explore technical areas outside 
your particular field, you may want 
to attend one or more of the mini- 
tutorial sessions at Electro/86. En- 
gineers will have the opportunity to 
acquaint themselves with four tech- 
nical fields in minitutorial sessions 
8, 19, 20 and 25, which will be free 
of charge to conference registrants. 

Session 8, on signal-flow analysis, 


tion on a variety of applications from the systems- 

level approach to the design process. _ . 

In addition to sessions on data communication . 
and pPs, Mini/Micro will offer sessions ona num- | 


will review the classical theory of 
signal-flow graphs. At this session, 
Ronald E Scott of Northeastern 
University will introduce the basic 
concepts of signal-flow analysis, de- 
scribe the algebra for reducing 
them, and examine the derivation of 
Mason’s general reduction formula. 
Scott will concentrate on presenting 
practical applications to solving 
problems in transistor circuits, 
op-amp circuits, servomechanisms, 
and electromechanical circuits. 
Session 19 will cover the princi- 
ples involved in typical grounding 
and shielding problems. Bruce Wed- 
lock of Lowell Institute School 
(Cambridge, MA) will explain 
grounding and shielding techniques 
that replace the trial-and-error 
method with sound, systematic 


engineering 











ber of other subjects, including computer-ai ded de- 


methods of shielding. This introduc- 
tory-level tutorial will target elec- 
tronic-circuit designers. Scheduled 
for the same time slot is session 20, 
which will focus on the fundamen- 
tals of machine-to-machine commu- 
nication. Session chairman Robert 
E Parkin and four other speakers 
will analyze such subjects as robotic 
movement and path planning, sen- 
sors, vision, and the implementation 
of flexible automation. 

The final Electro minitutorial, 
session 25, will review the latest 
advancements—and predict future 
trends—in radar-system technolo- 
gy. Eli Brookner of Raytheon Co 
(Wayland, MA) will discuss mono- 
lithic microwave integrated cir- 
cuitry (MMIC), ultralow-sidelobe 
antennas, synthetic aperture radar, 





_ sign, personal computers, telecommunications, — 
process control, LSI devices, product standards, _ 
| management, automated testing, real. 

_ time systems, static RAMs, smart cards, Unix, 7 
and software design. : 


MINI/MICRO NORTHEAST-86 PROFESSIONAL PROGRAM 
WORLD TRADE CENTER, BOSTON, MA 
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DIGITAL NETWORKS* 


SATELLITE DATA 
COMMUNICATION* | 


, TELECOMMUNICATIONS: 


INTERFACING TO THE Sa _ 


INTEGRATING ISDN 
AND LAN SERVICES IN 
THE OFFICE ENVIRONMENT 


OPTICAL COMMUNICATION 


ENGINEERING 
MANAGEMENT TECHNIQUES 
FOR THE FUTURE 


ALTERNATIVE METHODS 
FOR MICROPROCESSOR 
SOFTWARE GENERATION _ 


SOFTWARE DESIGN 
TOOLS FOR REALTIME 
_ SYSTEMS 


USING UNIX IN A 7 
REAL-TIME ENVIRONMENT 


*MINITUTORIALS 
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| 2 MICROT0-MAINFRAME 


_ COMPUTER-AIDED DESIGN 


| 5 USING THE PC FOR 
|  (|OGICDESIGN 


8 ENHANCING YOUR ~ | 
PC ENGINEERING WORKSTATIONS | 


PRODUCT STANDARDS: 
A GROWING CONCERN* 


SMARTER CHIPS FOR 
BETTER DESIGN 


NONIMPACT PRINTING 

FOR INSTRUMENTATION, 
SCIENTIFIC, AND 
ENGINEERING APPLICATIONS 


| 20 PC-BASED CAE—IS 
| {1 THE TOTAL SOLUTION? 


| 23 COMPUTER-INTEGRATED | 
| TEST—CLOSING THE 
| QUALITY FEEDBACK LOOP 


SYSTEMAND 
APPLICATION IMPLICATIONS | 
| FROM FAST STATIC-RAM 
. ADVANCES 





3 THE CMOS REVOLUTION 
_ HITS BIT-SLICE MICROPROCESSORS. 


ADVANCED APPLICATIONS 
USING NEW-GENERATION _ 
__ BIFSLICE PROCESSORS. 


‘DESKTOP COMPUTERS | 
IN PROCESS CONTROL’ 


BUS WARS—THE 
32-BIT FRONTIER 


32-BIT HIGH-END 
MICROPROCESSORS 


PROGRAMMABLE 
SINGLE-CHIP 
DIGITAL SIGNAL 
PROCESSORS 

1 TOOLS FOR © 

- MIL-STD-1758A 
SOFTWARE 
‘DEVELOPMENT 
FUTURE TECHNOLOGY 

_ OF SMART CARDS IS 

AVAILABLE TODAY 


7 NEW APPLICATIONS FOR 
LOW-COST _ 
MICROCONTROLLERS 
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adaptive array processing, the im- 
pact of VLSI circuits and VHSICs 
(very-high-speed ICs) on digital 
radar signals and data processors, 
systolic-array signal processors, sil- 
icon compilers, and residue arithme- 
tic. Instead of giving detailed math- 
ematics and derivations, the session 
will summarize key points of the 
technology. 


Electro/86 registrants will also. 


have the opportunity to explore 
some nontechnical subjects of inter- 
est to engineers. These five sessions 
will include discussions of various 
business, educational, and legal top- 
ics. For example, participants in 
session 2 will undertake a compre- 
hensive critical analysis of the Pres- 
ident’s Strategic Defense Initiative 
(SDI) proposal from technical, legal, 
computational, and political points 
of view. 

Speakers in session 5 will consid- 
er the growing mismatch between 
engineering education and proper 
preparation for engineering prac- 
tice. The discussion will focus on 
identifying current inadequacies 
and misconceptions in engineering 


education and recommending meas-— 


ures the engineering community 
can take to correct the problems. 

Discussions in session 14 will in- 
vestigate opportunities for electron- 
ics firms to cut costs by manufactur- 
ing their products offshore. The 
session’s four papers will inform the 
audience about specific opportuni- 
ties in four offshore areas—the 
Eastern Caribbean, Mexico, Hong 
Kong, and Scotland. 

Session 22 will deal with the pur- 
chase and sale of privately devel- 
oped technology and with obtaining 
US government-developed technol- 
ogy. Participants in this session will 
also address the issues of intellectu- 
al-property rights, commercial con- 
tracts, the law of sales, and making 
transactions that are beneficial to 
both parties. Finally, session 17 
will present a discussion of the ad- 
vantages and disadvantages a com- 
pany faces in undertaking an initial 
public offering of its stock. 

The professional sessions repre- 
sent only some of the events sched- 
uled for Electro/86. The conference 
will also offer special tutorials, a 


ca forms for Electro Mini/Micro- 
hy — any 0 of the — —— 
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keynote breakfast, a marketing con- 
ference, and a film program. 

Registrants can choose from four 
tutorials, which they can attend for 
a fee. The tutorial entitled “Topics 
on the strategic defense initiative” 
will explore the engineering prob- 
lems associated with the SDI. “Per- 
sonal-computer-based artificial in- 
telligence/expert systems” will 
focus on tools for the effective, easy 
application of AI techniques by end 
users for solving nontraditional 
problems on 16-bit personal comput- 
ers, especially the IBM PC. In the 
two remaining tutorials, industry 
experts will consider whether sili- 
con compilers will render gate ar- 
rays obsolete and will explore new 
applications for LANs in business, 
industry, and science. 

This year’s keynote speech will 
focus on communications, which is 
the conference’s theme. At the key- 
note breakfast, Robert Allen, chair- 
man and CEO of AT&T Information 
Systems, will speak on “Integration 
and cooperation: The key to success 
in the information age.” Allen will 
describe strategy and direction for 
his company as well as for the office- 
automation industry as a whole. 

Another special event scheduled 
for Electro is a marketing confer- 
ence entitled “Will electronics be 
the next shoe/textile industry?” At 
the conference, a 5-member panel 
will examine the trends in the elec- 
tronics industry that are causing 
local companies to buy components 
and subsystems directly from off- 
shore companies. The panel will also 
consider the effect of this trend on 
distributors and representatives, 
many of whom are being left out of 
the sales chain in such transactions. 
The panelists, who represent differ- 
ent viewpoints, will read _ brief 
statements and then answer ques- 
tions from the audience. EDN 
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There's only one signal generator 





that’ abetter value than the 6060A. 


e new 6060B. 





Price, features and performance. Judge 
the new 6060B by its specifications. 

When we introduced the 6060A, it was 
without a doubt the best signal generator 
value on the market. With its unique architec- 
ture, this fully programmable synthesized RF 
signal generator offered the RF industry the 
performance it needed for design, testing and 
maintenance applications. Yet it was priced 
well below other generators in its class. 

The new 6060B takes this remarkable 
signal generator another major step ahead. 
New wider frequency range. 

The 60608 has an even wider output fre- 
quency range. Low end coverage is extended 
to 10Khz for VLF and LF applications and still 
maintains the capability to output frequencies 
up to 1050MHz. 


Better residual FM and amplitude 
accuracy. 

Guaranteed amplitude accuracy is now 
+1.0dB from +13dBm to —127dBm, im- 
proved from +1.5dB. You can rely on precise 
amplitude control across the frequency range. 

Residual FM performance specification has 
been improved by better than 30% in all 
bands. It is now guaranteed less than 10Hz 
rms (.3 to 3KHz) at 5SOOMHz. 

Three options now included standard. 

We've added three popular options to the 
Standard 6060B model for much less than 
youd pay for each separately. Now standard 
are: Non-Volatile Memory that can store 50 
instrument settings up to two years without 
power, Reverse Power Protection, and Sub- 
Harmonic External Reference input. 


* Suggested U.S. price only 


Good news on the bottom line. 

Although we've boosted performance and 
Standard features, the 6060B is still priced at a 
modest $4995.* We think that makes it an 
unbeatable value in general purpose signal 
generators. Second to none. 

For more information about the 60608, call 
1-800-426-0361 or contact your local Fluke 
Sales Engineer or Representative. 


Fluke 6060B 


Frequency range 
Amplitude range 
Accuracy 


10KHz— 1050MHz 
+13dBm to —127dBm 
+1.0dB 


Harmonics <—30dBc 
Spurious <—60dBc 
Modulation AM/FM 
IEEE-488 Interface, opt. 488 switch speed <100 ms, typ. 


FLUKE 





® 





IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) BV, P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
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SIXTEEN TOUGH ASSIGNMENTS. 








A period measurement is A frequency measurement is Short time intervals can be Calculated frequency takes 

made on a 100 MHz clock using made with the same high preci- measured most accurately with only seconds. The time cursor 

the extended accuracy andres- _ sion. Simply press two buttons, the easy-to-use time Cursors. measurement on the left can 

olution of the Counter/Timer/ and the period measurement They also make quick work of be converted to frequency with 

Trigger in the 2465 DVS. on the left is converted to longer intervals, with 1% push-button ease and 1% 
frequency. accuracy. accuracy. 





This fast-pulse rise time is response ensures that pulse Propagation delay measure- Overshoot and ringing mea- 
nearly that of the scope. The width and amplitude measure- ment accuracy is assured by surement accuracy requires flat 
2465 achieves maximum band- ments on fast waveforms built-in propagation delay response in a probe/oscilloscope 
width with minimum waveform (above) truly reflect conditions matching. Delay between Chan- system. Tek probes and scopes 
aberrations. This level of pulse in a circuit under test. nels 1and2canbecorrectedto are designed to work together. 


the probe tip. 





Logic-level violations can be The Word Recognizer (with a Identify a word position. [he Delayed sweep is used to 
spotted quickly on a TTL wave- binary word) is used to pick out Word Recognizer (in HEX) is expand the last pulse in a pulse 
form (above) with measurement a pulse train in a data stream. intensifying a word position and _ train. The intensified zone 
cursors set to define logic-level The time cursors measure pulse measuring delay relative toa identifies the expanded pulse 
boundaries. train duration. waveform on another line. position. 





TV line trigger in the 2465 DVS — Calibrate cursors in IRE units Burst amplitude should be 40 Sync width and blanking are 


displays a full-field composite with variable attenuation. Blank- — [RE units in NTSC video. The common, easy-to-make timing 
test signal. The built-in TV ing level to reference white Cursors quickly measure other measurements. Accurate time 
Clamp circuit removes hum and level is defined as 100 IRE units waveform amplitudes. Field measurements can be made 
tilt on the ac-coupled video. in NTSC video. triggering checks any line. anywhere in a video system. 


Copyright ©1986, Tektronix, Inc. All rights reserved. PMA-628 











FIVE EASY ANSWERS. 





THE TEK 2400 SERIES. 





You can simplify even the 
most complex measure- 
ments with the perform- 
ance and convenience of 
Tek’s 2400 Series family. 
No other portable scopes 
meet such diverse require- 
ments in research and 
design, manufacturing 
and service. 

The 300 MHz 2465 and 
150 MHz 2445 are at the 
foundation of the family. 
They include all the fea- 
tures that set a new high 
performance precedent. 
For example, standard 
delayed sweep A-Time to 
0.5% accuracy. Coupled 
sweep speeds to 1 ns/div 
in the 2445 and 500 ps/div 
in the 2465 for tough tim- 
ing measurements. And 
four-channel capability 
for observing and trouble- 
shooting logic circuits. 

Best of all, these stand- 
alone scopes are proof 
that powerful capability 
doesn't have to be compli- 
cated. Time and voltage 
cursors for fast and easy 
measurements, CRT read- 
outs showing waveform 
parameters and front 


Features 2445 2465 2465 CTS 2465 DMS 
Bandwidth 150 MHz 300MHz 300MHz 300 MHz 
Max. Sweep 

Speed 1 ns/div 500ps/div 500ps/div 500ps/div 
Accuracy; 

Vert/Hor 2%/1% 2%/1% 2%/1% 2%/1% 
Vertical 

Sensitivity 2mVi/div 2mV/div 2mV/div 2mV/div 
Trigger Freq. 

Range 250 MHz 500MHz 5SOOMHzZ 500 MHz 
Trigger Modes Auto Level, Auto, Norm, Single Sequence 
Counter/Timer/ 

Trigger/Word 

Recognizer . : STD STD 
DMM ‘ i N/A STD 
Video/TV - N/A N/A 

Four P6131 

Probes : - STO STD 
GPIB 7 * STD STD 
Rackmount ‘ * . * 
Warranty 3-year on parts and labor, including CRT 
Pricet $3590 $5350 $7150 $8400 
Software 


TEK GURU for IBM PC/XT/AT and 2445/65/GPIB 
EZ-TEK 2400 for TEK 4041 and 2445/65/GPIB 


*Configurable only at time of order. Additional cost required. 


t Prices subject to change without notice. 


2465 DVS 
300 MHz 


500ps/div 
2%/1% 
2 mV/div 


500 MHz 


$9200 


$595 
$400 


IBM PC is a registered trademark and AT and XT trademarks of International Business 


Machines Corporation. 
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panel settings, and sim- 
plified trigger operation 
make these scopes a 
pleasure to use. 

Three specially con- 
figured, specially priced 
Special Editions offer 
enhanced measurement 
capabilities for both sys- 
tems and stand-alone 
use. At the top is the 2465 
DVS with integral GPIB 
interface, DMM, Counter/ 
Timer/Trigger/Word Rec- 
ognizer, and Video mea- 
Surement Capabilities. 
Easily the most powerful 
portable ever developed. 

The 2465 DMS and 
2465 CTS are special 
editions with different 
feature sets. The 2465 
DMS provides all the 
capabilities of the DVS 
except Video. The 2465 
CTS provides all the fea- 
tures of the DVS except 
Video and DMM. 

Call your Tek Sales 
Engineer for a demo 
today! Or call the Tek 
National Marketing Center 
toll-free, 1-800-426-2200. 
In Oregon, call collect, 
(503) 627-9000. 





Tektrone< 


COMMITTED TO EXCELLENCE 











“I Got Mad As Hell And 
Decided Not To Take It Anymore. . . 





¢ 

M, name is Roy Albano. I am a 
design services manager, whose respon- 
sibilities have ranged from selecting 
CAD systems to supervising engineers 
and PCB designers. My current employ- 
er, Diceon Electronics, Inc. of Irvine, 
California has been a leader in supply- 
ing state-of-the-art finished printed cir- 
cuit boards to the majority of U.S. man- 
ufacturers—for applications in the com- 
mercial electronics industries. Through- 
out my many years of gaining knowledge 
and experience in PCB design, while 
working for other companies, I went 
from observing laboriously tedious 
manual PCB layout methods to eventu- 
ally ending-up a true believer in CAD 
as the only answer to improving effici- 
ency and reducing product cost. Count- 
less times during this transitional period 
I was frustrated, had my designers spend 
long hours at the drafting boards and 
still, quite often, could not meet various 
design deadlines.” 





r<$ 

S. I recommended to one of my pre- 
vious employers to get a CAD system, 
which was promising miracles and an- 
swers to all my PC design problems. We 
got this system and, after some time 
passed, I got mad. This CAD system 
fell far short of its seller’s claims and left 
us basically operating nothing more 
than a glorified electronic pen and a 
screen to play with. So I looked long 
and hard and, in conjunction with 
other engineers, I decided to get a 
larger, seemingly far more sophisticated 
CAD system for PCB design. This was 
not at Diceon, but at another large elec- 
tronics company in Southern Califor- 
nia. The selected CAD machine utilized 
an automatic router, with solutions of 
at least (I was promised and verified it 
myself on small sample boards) 80-90 
percent hook-up success. We were all 
impressed and bought it. We did not 
realize then that it would take us eight 
months to get familiar with this thing— 
although we were already fairly well ex- 
perienced CAD users. Even after we 
had finally managed to understand the 
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Mr. Roy Albano 
Manager of Design Services 
Diceon Electronics, Inc. 


“beast,” we still ended up working man- 
ually nights and weekends to ac- 
complish the job. And the last minute 
engineering changes—requested invari- 
ably just as we were about to complete 
the design—drove us bananas. That 
CAD system could not assist us in solv- 
ing changes within a reasonable time 
frame. I think we spent so much time 
at work trying to accomplish the design 
tasks, satisfy the engineers, and fight 
our CAD system, that even my dog 
stopped recognizing me and would not 
let me into my own house without me 
first showing him proper I.D. . . .” 


Vs see, a 90 percent routing solution 
sounds great, provided the PCB has 
about 300-400 traces to be connected. 
But today’s typical PC boards have an 
average of 2000-6000 traces to be con- 
nected, and the missing 10 percent rep- 
resents 400-600 lines that have to be 
“stitched in” manually. And these last 
lines are the most difficult ones, taking 
up the most time and yes, even a de- 
signer’s zest for life. 


¢ 

Yor I continued hearing of great new 
things in CAD (which did not 
materialize) and I looked at some 

ten more CAD systems over the past 5 
years. They were all long on promises, 
but short on true performance. By this 
time, I knew well how to put CAD 














systems to the test through my own 
benchmark —still nobody seemed to 
fill the design needs we had. | spent a 
lot of time visiting other electronics 
companies, discussing this dilemma 
with other PC designers, service 
bureaus, CAD users, and their managers 
and also visiting individual CAD ven- 
dors. In short, I gained a lot of addi- 
tional experience in CAD and what it 
should do regarding the latest design 
criteria.” 













‘|. the majority of decision makers in 
the fast-changing electronics industry, 
it is crystal clear that any company 
which can design a PCB faster than 
their competitors will be able to bring 
out a newly finished product to market 
even faster—thus gaining invaluable 
marketing, sales, and time advantages. 


¢ 

M, present employer, Diceon Elec- 
tronics, Inc., can easily qualify as one 
to consistently offer new, reputable, and 
reliable products to the marketplace. In 
order to get these new products to mar- 
ket as quickly and efficiently as possible, 
we needed a superior CAD system. So 
I got mad as hell and decided not to 
take it anymore and began demanding 
(quite vocally) from the existing CAD 
vendors to provide us with a meaningful 
tool for PC design—but I got 
nowhere. . . .until I discovered 
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Calay! 





c 

B, pure coincidence, about 2 years 
ago, I heard from someone about a new 
CAD system recently introduced in the 
U.S. called Calay. This was in 1983 
and we saw no flashy ads, no evidence 
of aggressive marketing—not even a 
salesman from Calay to call us. After a 
few inquiries, we found out that some 
of the best service bureaus and the 
toughest large manufacturers of elec- 
tronic equipment were in fact already 
using a Calay VO3 System for their PC 
designs. We made numerous phone calls 
and what we heard from these existing 
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. . «Until I Discovered Calay” 


users of Calay sounded almost too good 
to be true. We called Calay and spoke 
to Dick Finn, their General Manager, 
and the ensuing conversation prompted 
me to make sure that, this time (in ad- 
dition to our other engineers), | was 
personally going to verify the facts. I 
did not want to spend big money on 
promises alone.” 













1 Dicess people contacted Wolfgang 
Schenke, the Calay Vice President of 
R&D, and arranged a benchmark with 
him. Calay’s benchmark criteria were 
not like anything they’d ever done or 
heard of before. To maintain true results 
and credibility, the Calay people in- 
sisted that no information be given 
about the test by Diceon to Calay ahead 
of Roy’s arrival at Calay. No net list, no 
placement, no component description, 
not even any portions of schematics or 
board outline. The job was to be done 
“from scratch” —thus simulating the Di- 
ceon production environment, in order 
to get a meaningful assessment of Calay 
capabilities. 





¢ 

Since that time, we have utilized 
exclusively Calay systems for our facil- 
ity —and Diceon Electronics has grown 
and continued to be viewed as one of 
the best recognized and profitable 
technological leaders in its field. Calay’s 
technical staff has been supporting us 
fully and we learned to appreciate their 
candor, straightforwardness, knowledge, 
and credibility. The Calay System is the 
only one so far I have had full 
confidence in. No more long 
hours and weekends spent on 
designs—and I became friends 
with my dog again. . .] also ex- 
perienced the awakening that 
Calay is really what CAD is all 
about, and we got our toughest 
PC boards designed faster on 
Calay and, as a result, we get 
our product out on the market 


ahead of our competition.” 
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Mr. Chris Christofferson 
Manager of Engineering Services, Sun Microsystems, Inc. 


Mr. Richard A. Finn 
President & CEO ,Calay Systems, Inc. 


“Teseaiy, PC boards are Calay-routed 
day, night, or during weekends 
without operator presence or assistance. 
Even complex digital or analog boards, 
multilayer boards, chip carrier (SMD) 
boards, odd-shaped boards, and those 
very dense boards. No more long hours 


to find the solution—the Calay VO3 


CAD System does it 100 percent in 
most cases. The system is magnificently 
user friendly, simple and user definable. 
It is even more efficient when interfaced 
to any CAE workstation for schematics 
generation, including back-annotation. 
And the Calay router is truly 
AWESOME. Coupled with on-line 
design rule check and easy creation of 
new library components, high resolu- 
tion graphics, and powerful interactive 
features the Calay System offers not 
only the premier solution, but also the 
complete solution for 
PCB design. Starting 
at the net list and 
the component 
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creation and placement, to the routing 
and post processing documentation, 
Calay reliably takes the user from the 
beginning to the successful end of the 
total design cycle. Users don’t have to 
worry about engineering change orders 
anymore because Calay’s flexibility al- 
lows them to make all the changes they 
want without requiring them to start 
the design or routing process all over 
again. 





(<¢ 

A. a result, Diceon products deliver 
more state-of-the-art capabilities than 
our competition. In fact, our cost to 
design and manufacture PC boards is 
extremely reasonable. You see, 

with the Calay System, we get both fast 
turnaround and boards that can be 
economically manufactured.” 





¢ 

A. Diceon Electronics, we can’t 
afford to be second best. That’s why we 
have Calay CAD Systems in our design 
engineering department supporting us 
day-in and day-out. Maybe you can’t 


” 


afford to be second best either. . . 


S. if you’re mad as hell, you don’t 
have to take it anymore. Do what Roy 
did—give Calay a call. 


Corporate Headquarters: 
CALAY SYSTEMS, INC. 
2698 White Road 

Irvine, CA 92714 

(714) 863-1700, Telex 6711321 


Regional Offices: 

4633 Old Ironsides, Suite 403 
Santa Clara, CA 95054 

(408) 748-1901 


70 Walnut Street 
Wellesley, MA 02181 
(617) 239-8111 


European Contact: 

CALAY EUROPE 

6050 Offenbach/Main 
Heinrich-Krumm Str. 5 

Tel. (0611) 892-065, Telex 041 52775 
West Germany 













CALAY 


Advanced CAD for Printed Circuit Board Design 








©Copyright, 1985 Calay Systems, Inc. 
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The Americanized VME Card Cage. 
We Stand On Our Reputation. 





One reason Electronic Solutions became the world’s Rigidity gives your VME cards less room to flex and that 
leading supplier of Multibus card cages is that five genera- means less room for things to go wrong. Connectors stay 
tions of improvement gave our cages a reputation for connected. And so do printed circuits. So when your system 
indestructibility second only to a rock. is shipped, moved, or dropped from a forklift the odds 

So when we decided to build an Americanized version are a lot better that it will remain functionally intact. 
of the VME card cage it was only natural that we would But that's not the only part of our reputation we built into 
want to build it the same way. Because European kit-style our VME card cages. 
cages don’t measure up when it comes to strength. Our V-800 Series cages feature advanced, low-noise, 

Introducing Electronic Solutions V-800 Series VME Card high-performance backplanes designed for the fastest 
Cages. We took a stand for ruggedness and rigidity. Right VMEbus signals. You can mount our new cages on any 
on top of them — to prove that a V-800 card cage could axis. And you can use our exclusive center adapter to 
maintain its precise card alignment through thick and thin. convert any double slot to two singles or any triple size 


slot to a double and a single. 
Electronic Solutions V-800 Series VME 
card cages. Step up to the best there is. 
Call toll free or write for complete 
information today. 





Electronic 
olutions 








9255 Chesapeake Drive, San Diego, CA 92123 (619) 292-0242 « Telex Il (TWX): 910-335-1169 


Call toll free: (800) 854-7086 In Calit. (800) 772-7086 
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PRODUCT UPDATE 








Networking 


products link VAXs, IBM PCs, 


and Intel zP development systems 


Intel ~P development systems and 
software now work with host com- 
puters other than Intel products. 
The Open Development Networking 
products link DEC VAXs, IBM 
PCs, and the company’s develop- 
ment systems and System 310 
computers. 

The Open Development Net- 
working products presently include 
two pieces of hardware and two 
communications programs. The 
hardware products are the Network 
Resource Manager (NRM) and the 
Compilengine. The two software 
packages, VAX Link R2.1 and PC 
Link, connect the NRM with VAXs 





SERIES Ill 


MODEL 800 





COMPILENGINE 


SERIES IV 





IN-CIRCUIT 
EMULATOR 


and PCs, respectively, via Ether- 
net. 

The NRM is a 560M-byte file 
server with its own local processors 
and two Ethernet ports. Any work- 
station on the network can gain ac- 
cess to files stored in the NRM’s 
protected hierarchical file system; 
this operation is transparent to the 
user. The NRM also handles shared 
resources such as tape archiving 
and spooled printing. In addition, 
the NRM can distribute job control 
to idle development systems in the 
network, to the VAX, or to the 
Compilengine. 

The Compilengine is a specialized 


VAX/VMS 


NETWORK 
RESOURCE 
MANAGER 





computer that handles time-con- 
suming compilations and module 
linking. According to Intel, the 
Compilengine runs typical ~P com- 
pilation jobs 35% faster than an 
IBM PC/AT, twice as fast as a VAX 
11/780 (with a single user), and five 
times faster than an Intel Series IV 
development system. 

The VAX Link R2.1 software 
package enables file copying and 
distributes job control between 
VAXs running VMS R4.2 and the 
Intel NRM. The VAX Link software 
uses a VAX computer’s Ethernet 
board for I/O and is compatible with 
—but not a part of—Decnet. 





XENIX 


SYSTEM 





IN-CIRCUIT 
EMULATOR 


Now you can share software-development tasks among VAXs, IBM PCs, and Intel wP development systems that are all connected in an 
Ethernet network. The Network Resource Manager, the Compilengine, and the VAX Link and PC Link software packages combine to let you 
share files and distribute job control among the available resources. 
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The size of our moving loop relays will surprise you. Our DPDT ~ 
GSA, for instance, uses only two-thirds the board area of similarly 
rated imply BC 4 it pierre das 1 allen VAC, VDC. _Reeveed 


At Set At Reset 








Unlike conventional models with pivoting 
cores, these relays feature a sideways 

sliding magnet that operates between the 
two working gaps of an electromagnet. 










UPDATE 








The PC Link software works with 
an add-in Ethernet controller 
plugged into an IBM PC/XT or 
PC/AT. The board has its own local 
processor and memory. The PC 
user gains access to files on the 
NRM as though they were stored on 
PC-DOS drives. The software also 
supports remote printing. The soft- 
ware’s file servers communicate 
with Intel Xenix or RMX-86 sys- 
tems. The company also offers a 
standard Multibus I Ethernet com- 
munications board that allows you to 
connect board-level systems to the 
network. 

The products are based on the 
International Standards Organiza- 
tion’s 7-layer Open Systems Inter- 
connect model for networking. The 
NRM with a 40M-byte hard disk 
costs $14,995—$23,995 with a 140M- 
byte disk and a 60M-byte streaming 
tape drive. The Compilengine costs 
$13,995. The PC Link software and 
add-in board together cost $1250, 
and the VAX Link software sells for 
$7500.—Charles H Small 

Intel Corp, Literature Dept 
W274, 3065 Bowers Ave, Santa 
Clara, CA 95051. Phone (408) 987- 
S080. 
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PRODUCT UPDATE 





Arbitrary-waveform synthesizer 


creates 50-MHz waveforms 


The $24,000 Hewlett-Packard HP 
S770A arbitrary-waveform genera- 
tor creates waveforms that have 
significantly higher bandwidths 
than any other available generator 
can manage. The 8770A generates 
50-MHz (max) waveforms at 125M 
samples/sec with 12-bit resolution; 
all other available 12-bit arbitrary- 
waveform generators run at less 
than 40M samples/sec. 

The generator’s 50-MHz analog 
output ranges from 2V p-p (+10 
dBm) down to —100 dBm. Harmonic 
distortion is less than —50 dBc, and 
nonharmonic distortion is below 
—60 dBe. Two-tone linearity is 
under —57 dBe for a 124-kHz sepa- 
ration, and single-sideband phase 
noise for a 10-MHz signal is typical- 
ly —125 dBe/Hz at a 10-kHz offset. 

At 125M samples/sec, the instru- 
ment could run through its sample 
memory very quickly. But the 
8770A combines a 128k-sample pat- 
tern memory with a sequencing 






function that can repetitively reuse 
specified portions of memory to pro- 
vide extended output waveforms of 
long duration. 

The 8770A and the $5000 HP 
11775A waveform-generation soft- 
ware compose the waveform-syn- 
thesis system. The software pack- 
age runs on HP 9000 Series 200 
computers. With the aid of the soft- 
ware, you can create and modify 
complex waveforms. The package’s 
FFT routine allows you to specify 
your waveform in either the time or 
frequency domain. 

In operation, you define your 
waveform mathematically, describ- 
ing its segments or constructing 
them by using menu selections. De- 
livery, 16 weeks ARO. 

—Charles H Small 

Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 

Circle No 730 









This HP 8770S arbitrary-waveform synthesizer system comprises an HP 9836A computer 
(left) running the HP 11775A waveform-generation software, and the HP 8770A arbitrary- | 
waveform synthesizer (center). The digitizing oscilloscope on the right displays the synthesiz- | 
er’s output. | 
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Low-cost STE Bus-based development systems 
target 8/16-bit I/O and control designs 


The STE Bus-based PII-DS-S1 and 
PII-DS-S2 development systems 
allow you to build 8/16-bit wC de- 
signs for low-cost, STE Bus I/O and 
industrial-control applications. The 
system enclosure has room for the 
development-system boards and for 
a number of target-system boards 
as well. The basic development-sys- 
tem components include a CPU 
board, associated development soft- 
ware, an SCSI board, a disk-con- 
troller board, and a system enclo- 
sure with two floppy drives and a 
Winchester drive—all for less than 
$5000. 

STE Bus systems use single- 
height Eurocards and a substantial- 
ly simpler interface than the VME 
Bus. Because of the Eurocard form 
factor, an STE Bus system is physi- 
cally compatible with VME and 
Multibus II systems and can even 
serve as an I/O subsystem for the 
high-end buses. Designers of STE 
Bus-based I/O and control systems 
now have a variety of general-pur- 


memory, and other boards to choose 
from. The PII-DS-S1 and -S2 devel- 
opment systems provide the engi- 
neer with a means for designing the 
custom boards typically required in 
the I/O and control environments. 
The two development systems 
offer identical hardware with the 
exception of the CPU boards. The 
-S2 CPU board includes an 8-MHz 
Motorola 68008 wP, 512k bytes of 
dynamic RAM, and two serial chan- 
nels. The -S1 CPU board has two 
DMA channels, two serial channels, 
an MMU, 256k bytes of dynamic 
RAM, and a 6.144-MHz 64180. Both 
boards act as the bus arbiter and 
system controller in an STE devel- 
opment system. 
Development-system peripherals 
include dual 8.5-in., 1M-byte floppy 
disks and a 8.5-in., 25.5M-byte (un- 
formatted) Winchester. An STE 
Bus SCSI host adapter interfaces to 
the Winchester; a dedicated control- 
ler handles the floppy-disk drives. 
A 19-in. rack-mountable chassis 
provides the mechanical backplane 


for all the development-system com- 
ponents. The standard development 
system only uses three of the back- 
plane’s 10 STE Bus slots, so you can 
use the backplane to hold part or all 
of your target system. The standard 
system comes in a 21-in. ruggedized 
enclosure. It operates from a 250W 
switching power supply. 

Software options vary between 
the two development systems. The 
68008-based CPU board includes 
the multiuser, multitasking PDOS 
operating system. For 64180-based 
systems, the user may choose the 
CP/M+ or the ZRDOS operating 
system. All operating systems in- 
clude some development tools, such 
as an editor, linker, and assembler. 
Software offerings from a variety of 
vendors support the three operating 
systems.—Maury Wright 

Performance Interconnect Inc, 
8950 Villa La Jolla Dr, Suite 2144, 
La Jolla, CA 92037. Phone (619) 
457-0665. 
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Because the basic system boards occupy only three of 10 available slots in the system backplane, the PII-DS-S1 and -S2 development 
systems accept part or all of your STE Bus I/O or control target system. 
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Hughes’ Connector Line: 
When You Care Enough 
to Spec the Very Best. 


And our MIL-C-28876 fiber optic con- 





These hi-rel, hi-density connectors serve the 


military everywhere—eloquent testimony to nector, the only multi-channel type to meet 

their versatility, reliability and exclusive features. mil spec. 

M@ Highest contact density, with 110 contacts Or more information about our standard line, 
to the square inch. hone Bob Torres at 714-660-5829. In 


M@ Super-sealing, with seals on the contacts England, Hugh Mcinally at 932-47262. 


in some environmental types. 


Positive polarization with our exclusive 
Polar-Hex center jackscrew coupling. 





MIL-C-28840 and MIL-C-55302 versions HUGHES 
that incorporate superior design features Gonluncene pevicus oancias 
and qualify to spec limits. Industrial Electronics Group 
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Electrically erasable standard memory cells 
yield custom ICs with nonvolatile memory 


You now can create a custom IC that 
includes nonvolatile memory by 
using the first available electrically 
erasable standard memory cells. 
These cells are compatible with the 
manufacturer’s digital and analog 
standard cells, so you can integrate 
linear and memory functions with 
digital logic. The nonvolatile memo- 
ry cells allow you to add configura- 
tion and adjustment features to 
your circuit. 

The electrically erasable cells are 
fabricated using a 2-~m CMOS tech- 
nology. The vendor has integrated 
as many as 8k bits of electrically 





IC design. The electrically erasable cells are compatible with the vendor’s digital and analog 
standard cells. 
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erasable memory on one IC, al- 
though it stresses that the cells are 
most useful for small amounts of 
storage. Large memory blocks use 
silicon inefficiently because of the 
relatively large size of the electrical- 
ly erasable cell. The memory cells 
have parallel data-storage bits for 
redundancy (ie, each memory cell 
stores its data on two separate tran- 
sistors), thereby increasing the ef- 
fective yield of the IC. Differential 
sensing allows the overall chip sup- 
ply voltage to vary between 3 and 
6V. The cells have the typical en- 
durance specifications for electrical- 


ly erasable devices—10,000 cycles 
and 10-year data retention. 

In addition to the memory cell, 
the company offers high-voltage 
generator and interface cells. These 
cells provide the voltages and pro- 
gramming signals required to write 
data to the electrically erasable 
cells. Kach memory cell is embed- 
ded in a digital flip-flop and latch so 
it can operate directly with other 
on-chip logic; you don’t need to— 
worry about the details of writing to 
and erasing from the electrically 
erasable cells. 

The nonvolatile memory cells are 
useful as replacements for conven- 
tional adjustment components like 
potentiometers and DIP switches. 
For example, a nonvolatile register 
can store calibration settings, I/O 
format selections, or system access 
codes. In potentiometer applica- 
tions, the memory cells can work 
with on-chip analog cells to form a 
linear adjustment circuit that’s digi- 
tally controlled. In addition, by 
building a chip with nonvolatile 
memory, you can automate system- 
test, calibration, and maintenance 
operations. 

To create your chip using the elec- 
trically erasable cells, you submit 
your system design and specifica- 
tions to the manufacturer. It 
charges between $5000 and $25,000 
for the design, depending on the 
complexity, and approximately 
$30,000 for the tooling and fabrica- 
tion of prototypes. The unit cost of 
production devices is $0.0015/gate 
typ.—David Smith 

Sierra Semiconductor Corp, 2075 
N Capitol Ave, San Jose, CA 951382. 
Phone (408) 263-9300. 
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TECHNICAL INFORMATION FROM THE LEADER IN MLCs 





MLC Decoupling of 256-K Dynamic RAMs 


A dynamic RAM's sensitivity to 
decoupling-induced “‘soft-errors” (ran- 
dom loss of one or more bits of mem- 
ory) increases dramatically with higher 
speeds, higher density, and an 
increased number of sense amplifiers. 
The new 256-K DRAM designs have 
large, instantaneous current demands 
which must be satisfied by a local cur- 
rent source. 

That source is the decoupling 
capacitor directly adjacent to the RAM 
package. And the capacitor most often 
used for this application is a multilayer 
ceramic capacitor (MLC) because of 
its low series inductance, low series 
resistance, and high capacitance in a 
small size. 


Test Results 

Tests were conducted by AVX ona 
256-K DRAM memory board to deter- 
mine the noise level obtained with var- 
ious values of MLC capacitors. Figure 
1 compares the results obtained using 
256-K DRAMs with those from similar 
board tests on 64-K DRAMs. As indi- 
cated, 0.33-ufd capacitors are 
required on the 256-K DRAM board to 
obtain a noise level equivalent to tnat 
obtained using 0.1-uwfd capacitors on 
the 64-K DRAM board. Performance 
improvements on the 256-K DRAM 
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Fig.1. Decoupling characteristics for 

64-K and 256-K DRAMs with AVX MLC 

capacitors (including V-bump and 

V- droop). 


test board leveled off between 
0.33-yfd and 1.0-«wfd, indicating that 
the preferred value for decoupling is 
about 0.33-wfd. 

Figure 2 shows the scope traces 
obtained during refresh cycle on the 
256-K DRAM test board with a 0.33- 
fd AVX MLC. In all tests, the general 
decoupling scheme used was one 
MLC capacitor for each DRAM, with 
no board-level bulk capacitors. 


Discussion 

General-application ceramic formu- 
lations, such as Z5U, show considera- 
ble change in capacitance with tem- 
perature. However, this change has 
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Fig.2. Scope traces for refresh cycle on 
256-K DRAM test board with 0.33-ufd 
AVX MLCs. 


_ TOTAL VOLTAGE DROP. mv 





__ TEMPERATURE, “Cc 





Fig. 3. Effect of temperature on 256-K 
DRAM decoupling with 0.33-yfd AVX 
MLCs (Z5U). 


little affect on the total noise level for 
256-K DRAM when the correct value 
is chosen. Thus, the 0.33-fd value is 
high enough to meet the 256-K 
DRAM's current requirements over its 
full operating temperature range, as 
shown in Fig. 3. 

For a complete technical paper 
describing these tests in detail, com- 
plete and return the coupon below. 


|_|] Please send me the AVX Technical 
Paper, “Decoupling 256-K DRAMs.:’ 
[_] Please send me literature 
describing AVX MLCs 

|_| Please send me samples 
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Low-cost, PC-based LAN rivals Ethernet 
with 300k- to 450k-bps effective data rates 


The Microlan 1553-Net local-area 
network provides twice the effec- 
tive data bandwidth as a similar 
Ethernet configuration at approxi- 
mately one-half the cost, according 
to the manufacturer. Microlan con- 
troller boards fit into the short slot 
in IBM PCs, PC/XTs, PC/ATs, and 
compatible systems and come with 
software that features pop-up win- 
dows and 100 levels of security. 
Microlan boards are also available 
for Apple II computers and systems 
employing the S-100 Bus. 

Although the Microlan network 
has a lower specified bandwidth 
than an Ethernet network (8M bps 
vs 10M bps), the company states 
that the network’s encoding tech- 
niques result in an effective data- 
transfer rate of 300k to 450k bps, a 
higher rate than Ethernet’s esti- 
mated 100k-bps effective rate. One 
Microlan network can comprise as 
many as 253 nodes. The nodes con- 
nect to a 500 coaxial cable by means 
of BNC connectors. The cable can 





Speke 


be as long as 1500 ft. A Microlan 
board requires at least 128k bytes of 
memory and draws 0.5W from the 
PC’s power supply. | 

The board implements a LAN 
protocol that’s a derivative of the 
MIL-STD-1558 military-aircraft 
communications protocol. A CRC al- 
gorithm checks data blocks; the 
board also performs parity checking 
and Manchester encoding. For arbi- 
tration of bus usage, the network 
uses carrier-sensed multiple access/ 
collision detection/collision avoid- 
ance (CSMA/CD/CA) techniques. 
These techniques prevent two or 
more nodes from transmitting data 
at the same time. 

The vendor’s network software, 
PC-NOS, runs in the background to 
execute network programs, gain ac- 
cess to remote data, and prevent 
data destruction, which can be 
caused by simultaneous access of 
files. The software works under 
PC-DOS 2.0 or MS-DOS 2.0 to allow 
PCs on the network to share files 





Furnishing effective data rates of 300k to 450k bps, the Microlan local-area network costs 
less per node than other networks with similar configurations, according to the manufacturer. 
Plug-in boards are available for IBM PCs and compatibles and for Apple II and S-100-based 


computers. 
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and such hardware resources as 
disks, printers, keyboards, dis- 
plays, modems, clocks, and gate- 
ways to other networks. Once a 
connection to a remote resource is 
established, the resource sharing is 
transparent to the user. The soft- 
ware includes commands to attach 
and disconnect your PC to remote 
devices, and to lock files that are on 
your PC so that other PCs can read 
them but not write to them. All 
PC-NOS routines are available in 
Basic, Fortran, assembly, and 
Forth languages. 

The main program in the soft- 
ware, Server, executes as a com- 
mand (.COM) file. It initializes itself 
and then returns control to the 
operating system after it sets its 
break address, so that the operating 
system will not write over it. Serv- 
er uses interrupt vector INT 18H to 
intercept and service calls for re- 
mote files. 

When you log on to a Microlan 
network, the system asks for a pass- 
word and then establishes access 
and security privileges. Access con- 
trol is hierarchical, extending from 
nodes down to peripherals, directo- 
ries, and files. 

A Microlan card costs $350. An 
XL version contains ROM to allow a 
diskless node to boot up from anoth- 
er node; this card costs $450. A 
Lanstarter kit includes two 
Microlan cards, the PC-NOS soft- 
ware, manuals, and a 25-ft cable for 
$1150. A network-expansion kit is 
identical to the Lanstarter kit ex- 
cept that it has one card and costs 
$575.—David Smith 

Fast Feedback Technologies, 1505 
Aviation Blvd, Redondo Beach, CA 
90278. Phone (213) 379-6100. 
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A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 





Mail coupon to: 
CMOS IC Reprints 
EDN Magazine 
Cahners Building 
275 Washington Street 





Newton, MA 02158-1630 NAME 
Please send copies of 
A Designer’s Guide to CMOS ICs wTLE 
(92 pages) 
L] $6.95 UPS | | 
L] $8.95 non USA COMPANY 





Check or money order made out to 
EDN REPRINTS must accompany 


ADDRESS 
each order. No COD. Mass. 
residents add 5% sales tax. 
Please print clearly. CITY __COSTATE LZ 


This is your mailing label. 
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Qualidyne 


announces 

















The Case 23 


A new switching power supply 
delivers 400 to 600W, up to 7 
outputs with a power density of 
2.81Wiin’. 


@ 3” x 5” x 14.25” package 
e 1 - 7 outputs | 
e 400 - 600W fan cooled 


e UL and International 
Safety Standards 





® Ball bearing, brushless 
DC fan 


e EMI filtering to FCC 20780 
Class A 


e Variety of standard options 


e Main channel pre-load 
standard 









e Modular design 
e 48V DC input up to 400W 





For additional information on 
this or other Qualidyne 
products, please call or write: 


QUALIDYNE SYSTEMS, INC. 
3055 Del Sol Boulevard 
San Diego, California 92154 


619/575-1100 


TELEX: ESL227140 
See pages D. 1803-1809 in EEM. 
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Single unit combines voltmeter 


and high-speed, 8-bit digitizer 


At first glance, the Model 194 looks 
like just another system voltmeter. 
But behind the instrument’s front 
panel is a 1M-sample/sec, 8-bit digi- 
tizer and waveform-analysis soft- 
ware along with the expected 4%- 
digit voltmeter. 

The instrument comes with built- 
in waveform-analysis routines for 
averaging, true-rms calculation, in- 
tegration, and determining stand- 
ard deviations and peak-to-peak 
readings. The 194 also identifies the 
positive peak, the negative peak, 
and the value of the sample at the 
trigger point. When an optional sec- 
ond channel is installed, the instru- 
ment becomes the Model 1944 sys- 
tem voltmeter, which computes the 
ratio and difference of parameters 
from each channel. 

The instrument can store 64k 
8-bit samples; because the 4'4-digit 
voltmeter mode is equivalent to 
16-bit digitization, you can store 
only 32k 16-bit samples in that 
mode. The maximum reading rate in 
the 4%-digit mode is 100k samples/ 
sec. 

In the 4%-digit mode, the instru- 
ment’s dynamic range is 10 pV to 
200V; in the high-speed, 8-bit mode, 


podeneanns 





the resolution is 2.56 mV. The 
meter can store either pretrigger or 
post-trigger data. The program- 
mable sample period, ranging from 
1.0 psec to 1.0 sec, has a minimum 
increment of 0.1 wsec over the en- 
tire range. 

The unit operates from any of five 
trigger sources. It provides an 
IEEE-488 interface for external 
control. In DMA mode, the unit 
transfers data at 90k bytes/sec over 
the IEEE-488 bus. Furthermore, 
internal software can expand a 
short mnemonic into an elaborate 
command string, thus lowering 
IEEE-488 bus overhead. The soft- 
ware can also translate command 
strings for other brands of voltme- 
ters into strings comprehensible by 
the 194. 

You can set the unit’s input filter 
for a full bandwidth of 750 kHz, or 
you can use one of two lowpass 
filters—50 kHz or 500 kHz. $3995; 
the 2-channel Model 1944 adds 
$1895.—Charles H Small 

Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Phone (216) 248-0400. TLX 985469. 
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Combining a high-speed digitizer with a system voltmeter, the Model 194 spans the 


sampling-speed gap between voltmeters and digitizers. The 194 covers the 100k- to 1M-sample/ 


sec range. 
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Hyspeed from Hybrid 


Hybrid Systems’ new 
CMOS Flash Converters 
and High Speed Hybrids 
provide an unbeatable 
combination of speed an 
uncompromising quality. 


Now. Hybrid Systems brings its 20-year 
reputation for high quality, high reliability, and 
high performance to a new line of high speed 
products. Our monolithic flash converters and 
high speed hybrids are designed to meet the needs 
for fast digitizing and low power consumption in 
the most demanding real time data acquisition 
and analysis applications. 


ANALOG TO DIGITAL 


CONVERSION 
RESOLUTION TIME 


HS9582* 6-bits 40 nsec 


HS9583* 8-bits 200 nsec 
HS9584* 8-bits 50 nsec 
HS9520 12-bits 2.0 Sec 





DIGITAL TO ANALOG 


| SETTLING 
RESOLUTION ‘TIME 


HS9393 12-bits 50 nsec 





SAMPLE AND HOLD 


ACQUISITION 
RESOLUTION TIME 


HS9720 12-bits 200 nsec 


*Flash Converters 





All high speed components meet commercial and 
military temperature ranges. All products for military 
applications are processed to MIL-STD-883. Better 
still, all carry a name that is synonymous with 
expertise, reliability, and unsurpassed customer 
service: Hybrid Systems Corporation. Contact us 
today for full information. 








e 
2 


Hybrid Systems 


Hybrio Systems 


22 Linnell Circle, Billerica, MA 01821 617-667-8700 
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IBM-PC based 


microcomputer 
development tools! 


8868 cpl C 
8861 dynz R4, DoLoop 
doLoop 
8848 xch A,R2 
6649 add A, 83 
884B xch A,R2 sees 
*@84C jb MFlag,ValMax Se MotMax 


O64F add A, RZ : Boia 

OutP1: : Repeat Loop 
8858 mov P1,A Seen 
6652 jb DisB, NotStore a oe 


6855 acall StoreVal 


‘ea ) > yes 


CC:88F8 PC: M4, DoLoop 


C6: B7E7 3 
C1: FDFE : Hoaak } Count Loop 
C2: 8008 : 


bit AA 1 
IntEn.2 EX1 Enable INT! Interrupt + : 4 yes 


input Breakpoint Address. i : ( @64F | MF lag, ValMax 





(8051 debug/simulator shown) 


Your IBM PC can Assemble, debug 
and program (EPROM) code 

for these popular 
microcomputers: 


8051 


8049 


“- §088 
your 
code, 
watch 4 0 ie 5 


registers 
memory 
change, 

interrupts 

occur, stack 

push & pop. 78 
Flowgraph 
auto-documents code! 
You set breakpoints & 
register traps, count 
machine cycles, and 

scan source code and 
symbols. Single-key 
commands prompt for 
arguments if needed. 


Have more fun and get 
more done! 





U 
WW 
fe) 
Vv 


\ 


* 


G6sc¢ 
wow GHSS 


8808 pue 
9608 3}daoxe 





debug demo diskette 
and manual only $39.50 


Cybernetic Micro Systems 


P.O. Box 3000 
San Gregorio, CA 94074 U.S.A. 


(415) 726-3000 e Telex 171135 Attn: Cyber 
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60W switching 





offers 5 or 15V at 10W/in. 





Because it uses a 250-kHz switching frequency, the Powerslim 60 delivers 5V+1% at 12A or 
15V+1% at 4A from a 2X3xX1-in. package. 





The Powerslim 60 operates at a 250- 
kHz switching frequency, which al- 
lows the 2X8x1-in. module to deliv- 
er 60W—yielding a 10W/in.’? power 
density. The single-channel supply 
accepts a 28V dc nominal input (18 
to 40V dc). You can select from two 


output ratings: 5V+1% at 12A or 


15V+1% at 4A. 

Line and load regulation spec 0.1 
and 0.5%, respectively. The temp- 
erature coefficient is 0.03%/°C. Rip- 
ple measures 1% p-p from dc to 100 
MHz. 

The Powerslim 60 settles within 
0.5 msec in response to a 50 to 100% 
load change. Overshoot and under- 
shoot are limited to 100 mV. The 
supply, which features output 
short-circuit protection, meets 
MIL-461 emissions standards and 


withstands input transients in ac- 
cordance with MIL 704. $850. 

(For more on high-frequency 
switching power supplies, see pg 
130.) 

ATC Power Systems Inc, 472 
Amherst St, Nashua, NH 03063. 
Phone (603) 882-1366. 
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ATsT DOESN T 


IMMORTALITY... 








Today, the prod- 
uct that’s first in 
the market is 
likely to win the 
biggest share of 
market. 

So when 
youre racing to get 
a great idea off the 
ground—ahead of 
your competitors— 
you need more than 
just a “supplier.” 

You need a company with a broad line 
of high-performance components and 
electronic systems. A company with a 
networking point-of-view, an end-to-end 
capability, and the people and resources 
to assure all-out technical support. 

AT&T. 

Ready now to offer you the total 
commitment to quality and reliability that 
we've always insisted on in the systems 
and products we develop for ourselves. 

Ready now to deliver solutions. 


WE®32100, 
heart of the first 
full 32-bit chip set. 










We'll keep you on the 
leading edge. 
Because that’s where 
AT&T Bell Laboratories 
keeps us. 
Our new 32-Bit UNIX™ 

Microsystem, for 

example, delivers 
performance others only 
promise. It’s a chip set 
that’s 100% complete, 
100% CMOS, and 
100% TT L-compatible— 
fully able to reduce your 
design time by as much as 
50 percent. 

In data communica- 
tions devices, we're state- 
of-the-art every step of 
the way. (As you might 
expect from the company 
that developed the world’s 
biggest, most reliable 
communications 
network.) 

Right now, for exam- 
ple, AT&T is the only 
company in volume pro- 
duction of a microprocessor- 
controllable, single-package 
modem that can handle 
up to 2400 bits per second. 

Our Digital Encryp- 
tion Processor is the 
only software- 
programmable, 





When off-the-shelf won’t do, our advanced 
custom design gives you the edge. 


encryption processor available. 

And our X.25 Protocol Controllers 
offer the widest range of applications, 
from PCs to satellites. 

In memory, not only are we cur- 
rently delivering an American-made 
256K DRAM, but we offer a range of 





Few remember 

James Mollison, 

the second man to fly solo 
across the Atlantic, because 
‘Lindy’ did tt first. 











leading-edge specialty memories. 

And our third-generation, single- 
chip Digital Signal Processor gives you 
the edge you need to design-in superior 
system performance at a competitive 
price. 


cee 
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New ST™ Connector doubles your connections. 


Count on AT&T's advanced tech- 
nology to help you move your product 
out the door on schedule. 


Advanced custom design 
capability. 
Nobody knows better than you— 
moving to market first, and staying 
there, can require custom designed 
components. 

At AT&T, we'll get involved at any 
stage of your product design—from lay- 
out to prototype to production. We'll 
support you with the industry's most 
advanced CAD/CAM software, rapid 
prototype turnaround, and unsur- 
passed volume manufacturing capabil- 
ity. Everything you need to ensure the 
success of your product—on your manu- 
facturing line and in the market. 

Your specialized interconnection 
needs will be taken care of—from flexi- 
ble printed wiring to multilayer boards 
to hybrid ICs—all produced with our 
high standards of quality and reliability. 

We'll meet your application- 
specific IC needs with expert design 








PROMISE YOU 


UST THE FASTEST 
AN IDEA FLY. 


and engineering personnel. And with 
powerful CAD software that helps 
make sure your devices work the first 
time. The commitment and resources 
to deliver solutions—that’s what makes 
AT&T, AT&T. 
a It all takes power. 
AT&T’s board-mounted 
power products cut 
design time with 
unmatched flexibility. 
Our low profile power 
converters are modular 
in design and about one 
quarter the size of con- 
ventional DC/DC circuit 
board converters. So 
they can be mounted in 
more places. And in the 
tightest situations. 
Whatever your 
“a power needs, from 
board-mounted to off-line switchers, we 
can work with you to develop a system 
to meet your needs. 


Networking products that lock-in 
the future. 
For local or long-haul transmission, 
AT&T offers a complete family of fiber 
optic products and apparatus. 

In local area networks, our new 
ST™ Connector can actually double 
your network connections—or double 
the distance between connections— 
without affecting the fiber optic cable 
or electronics. 

And for high performance data 
transfer, AT&T’s ODL® 50 and ODL® 
200 Lightwave Data Links, with bit 
rates up to 200 Mb/s, incorporate the 
latest optical and integrated circuit 
technology. These products, as well as 
our ODL RS232-1 Fiber Optic Modem, 
a high performance data interface, 
readily mate with the ST Connector. 

Our newest addition to the AT&T 
lightwave family—the ASTROTEC™ 
ceramic laser module—is a reduced-size, 
long-wavelength laser that offers highly 
reliable, low cost performance. 
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Advanced processing ened. rovides 
superior buried microvias in multilayer 
printed wiring boards. 


News in ac plasma. 
AT&T has just introduced a new light- 
weight, compact ac plasma display for 
alphanumeric and graphic images. It 
offers excellent visual characteristics in 
virtually unlimited applications. 


We'll work with you, all the way. 
Call us right from Day One, and we'll put 
our expertise at your disposal. Call us 
when you hit a snag, and we’ll work out a 
solution together. After all, we’ve got the 
world’s greatest problem-solvers on 
call—the men and women of AT&T Bell 
Laboratories. 

For more information, phone AT&T 
at 1800 372-2447. We'll help you put 
wings on your concept, and “first” on 
your product. 

(In Europe, phone AT&T Micro- 
electronics in Munich, Germany, at 


089/95970. Telex 5216884 attm d.) 
© 1986 AT&T Technologies, Inc. 
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-roduct failure can come from a 
ot of different sources. Unrelia- 

le solder joints. Ineffective defect 
esting. Inefficient component 
ooling. All together, that can add 
ip to a lot of rejects. And a lot of 
ost profits. Fluorinert® Liquids 
educe the risk of product failure. 
\nd increase your chances for 
ofits and productivity. 

/apor phase soldering with 
-luorinert® Liquids provides a 
aster, more reliable soldering 
nethod for electronic components 
and assemblies. This results in a 
iigher yield and reduced costs. 


direct contact cooling with 
-luorinert® Liquids removes heat 
apidly so component tempera- 
ures are kept lower, reducing fail- 
jre rates and increasing reliability. 
At the same time, components 
san be packaged closer together, 
naximizing power density and 
niniaturizing the package. 


Gross leak, thermal shock, 

and liquid burn-in testing with 
Fluorinert® Liquids detect more 
defects before they have a chance 
to become rejects. 

Fluorinert® Liquids don’t make 
problems while they're solving 
problems, either. They leave 
essentially no residue, SO no 
clean-up is necessary. They're 
colorless, odorless, non-flamma- 
ble, non-explosive, non-corrosive, 
and will not remove markings. 


FC numbers (FC-72, FC-77, 
FC-70, FC-40, etc.) iden- 
tify individual Fluorinert® Liquids. 
They offer a wide range of boiling 
points, making it easy to select 
the liquid that's right for your 
application. FC numbers are 
solely 3M designations for our 
fluorochemical products. 

And in addition to making Flu- 
orinert® Liquids easy to choose, 
we make them easy to use. We 


offer comprehensive technical _ 
assistance, including recommen- 
dations for fiuids and application 
equipment; testing and produc- 
tion methods; evaluation of results; 
an extensive service bulletin 
program covering technological 
advances; and on-site applica- 
tions seminars. 

3M developed perfluorinated 
liquids 35 years ago, and we ve 
been supplying them to the elec- 
tronics industry for the past 25 
years. So you can trust us, the 
industry leader, to help you select 
and use the right Fluorinert® 
Liquid for peak performance. And 
peak profitability. 

For more information, write: 
Commercial Chemicals Division/ 
3M, Building 223-6SE, St. Paul, 
MN 55144. Or call our hotlines: 
612/733-6282 (testing/cooling) 
612/733-7424 (soldering). 
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Percentage of respondents 


ITEM 
TRANSFORMERS 


Toroidal - : - a . 
Pot-Core : 0 
Laminate (power) 21 ge 22 
CONNECTORS 
Military panel 
Flat/Cable 

Multipin circular 





























RF/Coaxial Vv 
Socket | Ce 
Terminal blocks | 
Edge card 
Subminiature 
Rack & panel 
Power 
PRINTED CIRCUIT BOARDS 
Single-sided 
Double-sided 
_ Multilayer 
Prototype 




















RESISTORS 


Carbon film 

Carbon composition 
Metal film 

Metal oxide 


Wirewound 
Potentiometers 
Networks 


FUSES 








SWITCHES 
Pushbutton 


Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual in-line 


WIRE AND CABLE 


Coaxial 
Flat ribbon 
Multiconductor 
Hookup 

Wire wrap 
Power cords 






















POWER SUPPLIES 
Switching 


Linear 7 


CIRCUIT BREAKERS 





HEAT SINKS 
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ITEM 
RELAYS 


General purpose 
PC board 
Dry reed 
Mercury 
Solid state 


DISCRETE SEMICOND 
Diode 17 
Zener 2 
Thyristor 
Small signal transistor 











































Power, bipolar 14 29° 29 
INTEGRATED CIRCUITS, DIGITAL 

CMOS i fey 
= 19 SS 
















INTEGRATED CIRCUI 


'S, LINEAR 





Communication/Circuit 9 9 5 18 $$ oO 88 62 
uOMage teguiator 23 te GO 2 69 





RAM 16k 
RAM 64k 
RAM 256k 

ROM/PROM 


MEMORY CIRCUITS 








EEPROM 
DISPLAYS 


Panel meters 
Fluorescent 
Incandescent 






Liquid crystal oO | 


MICROPROCESSOR ICs | 7 
8-bit 6 44.31 19 § OO 











FUNCTION PACKAGES 
Amplifier 1 55 
Converter, analogto digital 0 = 40 __ 
Converter, digitalto analog 0 


LINE FILTERS 











CAPACITORS 


Ceramic 
Ceramic monolithic 
Ceramic disc 










Electrolytic 
Tantalum 





INDUCTORS 





Source: Electronics Purchasing magazine’s electronics business survey 
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Philips’ PM 355! A and PM 3632 Logic Analyzers 


Choose the PM3551A, the world’s fastest 
transitional timing analyzer. With simultaneous 
state and timing analysis. Plus powerful per- 
formance analysis with unique features. Mea- 
sure recursive routines, and obtain undistorted 
data even if subroutines are interrupted. Up to 
16 on-screen timing channels. Unmatched 
trigger facilities. Pure power! 

Pure power, too, with the PM 3632 
Personal Logic Analyzer. And at a price that 
lets you put one on every bench. Handles 32 


Test & 
Measurement 


PHILIPS 


channels at speeds up to 100 MHz. Adapts to 
any popular P. Optional ROM emulator and 
plug-in Set-up and non-volatile Data Memory. 
Both feature a simple, powerful menu 
system with soft-key entry that puts you in 
charge from the first day. The choice is yours! 
Get the details on the PM 3551 A logic timing, 
state and performance analyzer and the 
PM 3632 Personal Logic Analyzer. In the final 
analysis you'll choose Philips. Contact your 
local Philips Sales organisation or: 
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Philips I&E, T&M Department, 
TQIII-4-62 

5600 MD EINDHOVEN, The Netherlands. 
Germany (0561) 501518 

Great Britain 0223-35 88 66 

France 01-830 11 11 

Netherlands 040-78 3238 

Italy 039/3635.240 (or 248) 

Sweden 08-782 18 10. 


PM 3632 not available in Australia, Canada, 
Hong Kong, Japan, Singapore and Taiwan. 


PHILIPS 
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Why weapons ie designers are using Rantec standard military power supplies. 


Rantecs sinord military power supplies Save weapouis 
systems programs money. No costly non-recurring | 


engineering expenses. No costly retooling. And, with 


over 600 different models to choose from, no costly / 


design compromises on your part. 
Also, no costly time delays waiting for produc: to 
develop or for manufacture. Which 1s very important 


when you consider it takes from 13 to 18 months and 
between $125,000 and $300,000 to get acustom mili- 


tary power supply” 
Giving up reliability by going eee No Way. 
First of all, our quality program complies with MIL-I- 
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. _ : 45208 and meets the intent of MIL- Q. 9858. Secondly, — 


all of our power supplies meet or exceed MIL-E-5400, 
MIL-E-16400, MIL-STD-704, MIL- ‘STD- 1399, MIL- 


__ 16181, and MIL-STD-461. 


This extensive product line cludes age and 


three phase AC input power supplies and DC-DC 
_ converters in single and multiple output PONE ratings 


to IK W. 

To find out how you can save money like your con- 
temporaries by using Rantec standard power supplies 
which are qualified for airborne, shipboard, ground- 
fixed and ground-mobile use, contact us today. 





POWER SYSTEMS 


Division of Emerson Electric Co. 


9401 Oso Avenue, Chatsworth, CA 91311 « Tel: (213) 885-8223 TWX: 910-493-1247 


wa 
E 


*U.S. Navy/Industry Power Supply Ad Hoc Committee Estimates for Time and Cost. 








Let Advance 


supply the 
power. 













The electronic systems 
you design are complicated 
enough without designing your own DC 
switching power supply — a system in itself. So 
go ahead. Do what you do best. And let Advance supply 
the power. 





When designing around any one of the single- or multiple-output, open or 
closed Advance switching power supplies, you won’t have to worry about compro- 
mising the overall quality of your product. These reliable switchers deliver from 180 to 1500 
watts of full power in any voltage combination you may require. | 


Built to the highest standards, these units meet UL, CSA, VDE, IEC, and FCC 
requirements. With MTBF ratings that generally exceed others in their class. 


When you need precise, dependable power for a well-designed instrument, computer or 
control, call 1-216-349-0755 for more information. 


Advance Power Supplies <Sapvance 


Solon, OH 44139. POWER SUPPLIES 
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Today’s faster switching circuitry allows 
manufacturers to build smaller off-line 
switching power supplies. The smaller the 

_ supply, however, the greater tts potential for 
internal heating and safety problems. 
Manufacturers avoid these potential prob- 
lems by employing innovative thermal de- 
signs and packaging methods. 


Chris Everett, Western Editor 


This year, you'll be able to put smaller power supplies 
into your designs without sacrificing power. As quickly 
as component manufacturers introduce faster switching 
transistors, diodes, and other components, power-sup- 
ply manufacturers are incorporating them into off-line 
power supplies. Because these newer supplies operate 
at higher switching frequencies—50 kHz and higher— 
manufacturers can use smaller capacitive and inductive 
components, thereby reducing the supplies’ package 
sizes and increasing their power densities. In the last 
year, off-line switchers’ power densities have increased 
from less than 1W/in’ to more than 4W/in’. 

To solve the heat-dissipation problems that accompa- 
ny this reduction in package size, companies are using 
new materials, components, and component-packaging 
techniques. In its MDT-400 Series, for instance, Todd 
Products uses both a higher switching frequency and 


surface-mount components to produce smaller power | 


supplies than its earlier products. The 400W units come 
in a 144-in® package. 

The MDT-400 Series includes models having a 50 to 
60A, 5V primary output with +1% line and load regula- 
tion. You can choose a 12V or 24V secondary output to 
power disk drives or tape drives. You can also select 
OV, 12V, or 24V floating auxiliary outputs. 

The MDT-400 supplies, which typically operate with 
75% efficiency, use bipolar transistors that switch at 60 
kHz. Although they don’t switch as fast as MOSFETs 
do, bipolar transistors are 50 to 80% less expensive 
than are MOSFETs with comparable ratings, and bipo- 
lars can handle higher power requirements. 

Summit Electronics also employs bipolar switching 
transistors in its supplies. The firm’s 750W switcher, 


A 200-kHz switching frequency allows a state-of-the-art switching 
power supply to speed past its low-frequency predecessor. Today’s 
high-frequency switchers not only offer higher performance, they also 
take up less space in your equipment. (Photo courtesy Sierracin/ 
Power Systems) 
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Special Report 


which operates at 50 kHz, has five outputs and a power 
density of 3.2W/in®. The company’s GX500, also a 
5-output supply, is a 500W switcher in a 1-piece ex- 
tended chassis. At 10x5x2.75 in., the supply is smaller 
than many 200W power supplies. Its primary 5V output 
is rated at 75A. 

You can select either +12 or +15V each for the 
high-power auxiliary outputs. The low-power auxiliary 
outputs are set at the factory at +24 and —5V, but you 
can adjust them to any value between 2 and 48V. The 
GX500 includes an EMI filter, an ac fan output, an ac 
power-fail indicator, and a remote sense for the pri- 
mary 5V output. The company expects qualification 
testing for UL, CSA, and VDE safety requirements to 
be complete this spring. 

Some manufacturers are building smaller supplies by 
using MOSFET switching transistors, which can switch 
at higher frequencies than can bipolars. At present, 
some MOSFETs can operate to 1 GHz. These high 
frequencies let you use smaller filters to limit the EMI 
emitted from the input of the power supply. 

Further, when a supply’s operating frequency dou- 
bles, the volume necessary for its capacitive and induc- 
tive energy-storage elements is cut in half. CEI Corp, 
for example, reduced the size of the magnetics in its 
100-kHz switching power supplies by 50%. CEI’s 150W 
Model XL150 quad-output switcher has a power densi- 
ty of over 2W/in®. The single-output model in the 250W 
XL250 Series has a power-density rating of 3.2W/in? 
and comes in an 8.5x4.6X2-in. package. 

The company’s quad switchers are available with full 
regulation on each of the four outputs. The 5V primary 
output holds load regulation to within +1%. Cross- 
regulation, which is needed to limit load interaction 
during disk-drive start-up, for example, is held to a 
maximum of 0.5%. 

CEI uses its own low-dropout regulator-circuitry 
design. This high-efficiency regulator circuit provides 
full regulation while allowing the power supplies to 
retain 70 to 80% efficiency levels. | 

The auxiliary outputs offer true current-foldback 
overload protection. Under a short-circuit condition, 
not only will the power supply’s output voltage drop, 
but the output current will be reduced proportionately. 
The supply uses a single-ended forward converter 
design. You can change the individual output to meet 
your needs by replacing just a few components. You can 
also adjust the current-foldback points individually on 
each high-current output. 

Other standard features of CEI’s 100-kHz switchers 
include dynamic inrush protection, a built-in line filter 
(FCC class A), remote sensing on the 5V primary 
output, and horizontal or vertical heat-sink fins. Op- 
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Compames are using new materials, com- 
ponents, and component-packaging tech- 
niques to solve the heat-dissipation problems 
in small power-supply packages. 


tionally, you can add ac-okay and power-fail signals to 
the supplies. 

Because MOSFETs use simpler external drive cir- 
cuitry, the calculated MTBF figure for power supplies 
incorporating them is higher than that for supplies 
incorporating bipolars. Note, however, that a high 
calculated MTBF doesn’t necessarily indicate a high 
actual MTBF. MIL-STD-217 MTBF calculations, for 
instance, are heavily weighted by the number of parts 
in a system. 

Further, MOSFETs have proven to be more reliable 
than the older bipolar devices in power-supply designs. 
But it’s not certain whether MOSFETs are intrinsically 
more reliable than bipolars, or whether MOSFET de- 
vices are more reliable because they’re made in newer 
production facilities and with newer processing tech- 
niques. Bipolar-device manufacturers are currently up- 
grading their production facilities and processes; it 
remains to be seen whether MOSFETs will prove to be 
more reliable than new bipolar devices. 

Most of the switching power supplies using high- 
frequency architectures are low- to medium-power, 





Rectangular current limiting lets you drive nonlinear loads or use 
multiple Kepco ERX power supplies in series. Amonitor warns you 
of ac power loss within a half cycle, so you typically have 30 msec to 
shut down your system. 
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To put its 400W, 60-kHz open-frame supplies into a 144-in’ package, 
Todd Products mounts components in surface-mount packages on the 
underside of the pe board. 


open-frame products geared for the high-volume com- 
puter industry. However, these supplies are not the 
only ones that realize the benefits of high-frequency 
MOSFET-based designs. For example, HC Power of- 
fers the HC Series 500 to 1500W single- and multiple- 
output supplies in industry-standard (5x8-in.) pack- 
ages. Supplies in the HC Series include single-output 
units rated from 2V to 48V at 11A to 340A. Dual-, 
triple-, quad-, and penta-output supplies have primary 
outputs of 5V at as much as 230A. 

You can order secondary outputs of 2V to 48V at 6A 
to 30A and auxiliary outputs of 2V to 48V at 2A to 10A. 
The fifth output on the penta-output supply is available 
as a 12V or 24V disk-drive supply. It provides continu- 
ous current ratings of 5A to 10A and peak loading 
current of 8A to 15A. 

Instead of using the more popular voltage-mode 
control in its switchers, HC uses current-mode control. 
Both control schemes are based on feeding an error 
voltage back to one of the comparator’s two inputs. In 
the voltage-mode control circuit, a fixed oscillator is 
connected to the second comparator input. In the 
current-mode control circuit, a voltage that’s propor- 
tional to the output current is fed to the second input. 

Current-mode control offers several advantages over 
voltage-mode control. First, a power supply that uses 
current-mode control can react more quickly to input 
voltage changes. In such a power supply, the drive logic 
monitors each switching-transistor pulse. In compari- 
son, a voltage-mode unit can take five to 10 cycles 
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before responding to an input change. The current- 
mode-control supply, therefore, instantaneously rejects 
input-voltage transients and noise, which are the pri- 
mary causes of switching-element failures in power 
supplies. Current-mode-control supplies also exhibit 
better transient response to large step-load changes 
than do voltage-mode supplies. For the HC Series, this 
transient response is typically less than 50 wsec. In 
comparison, voltage-mode supplies typically respond in 
100 to 150 msec. 

Because current-mode-control supplies monitor out- 
put current, you can connect them in parallel without 
having to match their output voltages precisely. Fur- 
ther, when you’re using the supplies in redundant- 
operation modes, you don’t have to match load cables to 
compensate for IR drop. In a current-mode-control 
design, the paralleled outputs are forced to share 
current to within 1%. The HC devices incorporate a 
current monitor, which provides a calibrated voltage 
proportional to the output current. Other logic and 
control functions in the supplies include a remote sense, 
power-fail warning, and remote margin control. 


High-frequency switching has some drawbacks 


Although supplies that switch at high speeds can use 
smaller inductive and capacitive components, they also 
experience increased power losses in choke and trans- 
former cores. To solve this problem, Kepco/TDK uses a 
new ferrite material, H7C4, in all of its Series RBX 
chokes and transformers. H7C4 has lower loss-vs- 
frequency and loss-vs-temperature characteristics than 
do many other materials. High switching frequencies 
also cause power losses in the transformers’ copper 
windings because of skin effect. To reduce these losses, 
Kepco uses Litz-type stranded wire in its transformers. 

Another manufacturer, Theta-J, experienced a simi- 
lar problem when it increased the switching frequency 
of its 50W supply to 350 kHz and the frequency of its 
100W unit to more than 750 kHz. To minimize power 
losses caused by interwinding capacitive variations and 
skin losses, Theta-J uses smaller inductive components 
with fewer turns. The 5V transformer, for example, 
uses a 1-turn secondary. 

High-frequency switching also reduces the filtering 
efficiencies of the capacitors in a power supply’s output 
filters. To counter this problem, Kepco/TDK stacks the 
filter capacitors on both sides of the forward convert- 
er’s output choke, thus minimizing the capacitors’ in- 
herent equivalent series inductance and resistance and 
improving efficiencies (Fig 1). 
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Transient-response characteristics approaching those of linear 
power supplies and low conducted EMI are two results of the 
harmonic-resonant design of Sierracin/Power Systems’ 400W switch- 
er. Switching at 200 kHz, the supply offers a 2.9W/in’ power 
density. 





Fig 1—To reduce high-frequency filter-efficiency losses in its RBX 
power supplies, Kepco stacks as many as 39 filter capacitors on 
either side of the forward converter’s output choke. 
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When a supplys operating frequency dou- 
bles, the volume necessary for tts capacitive 
and inductive energy-storage elements 1s cut 


in half. 


In addition, high frequencies cause inefficiency in 
switching transistors. In nonzero-current-switchers, 
current flowing through the switching transistor dur- 
ing turn-on and turn-off generates losses. As the oper- 
ating frequency increases, a higher proportion of the 
energy flowing through the switching transistor is lost 
as heat. Theta-J solves this problem by employing a 
zero-current resonant-mode switching scheme in its 
supplies. By controlling the time that the resonant 
primary circuit can transfer energy to the secondary 
circuit, the zero-current resonant switching scheme 
forces the current to zero at the switching transition 
time, thereby reducing switching losses. 

Besides using smaller inductive components in its 
high-frequency supplies, Theta-J reduced the size of 
some of the control circuitry in its supplies. The compa- 
ny uses a power-monitor IC and a driver IC to ensure 
repeatable control and operation of its supplies from 
unit to unit. The power-monitor IC includes a custom 
high-voltage circuit, and the driver IC controls the 
MOSFET switching circuitry. The MOSFET switching 






The current-mode switching technology of this 5-output 1000W 
supply from HC Power improves the supply’s transient response to 
large step changes. The switcher’s outputs return to steady state 
- within 50 sec. 
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Designed to meet the reliability guidelines of the Navy’s NAV/MAT 
P-4855, these Technipower triple-output supplies can operate in 
harsh environments under moderate shock conditions. 


transistors are packaged with other circuitry in a 
custom power hybrid with both primary and secondary 
side functions. 

Of course, high-frequency switching also causes noise 
problems. One manufacturer, Sierracin/Power Sys- 
tems, reduces noise in its 200-kHz supplies by using a 
proprietary harmonic-resonant design. The company’s 
98400 single-output supplies are rated at 400W (2.9W/ 
in’). 

The harmonic-resonant design closely resembles a_ 
half-bridge design whose MOSFET switching transis- 
tors operate at 200 kHz. The resonant circuit includes 
an inductor in the primary and a resonating capacitor in 
the secondary. The resonant circuit oscillates at 1.2 
MHz. Because the resulting waveform is sinusoidal, the 
circuit generates very little switching noise, so the 
98400 switchers meet the conducted-noise require- 
ments of both FCC Docket 20780 leyel B and VDE 0871 
level B regulations, including the recent modifications 
that restrict noise above 10 kHz. The 9S400’s transient- 
response characteristics (2% deviation for a 75% to 
100% to 75% step-load change with recovery in 100 
wsec) approach those of linear supplies. | 

Both the HC Power and Sierracin power supplies 
shut down automatically when their internal-tempera- 
ture safety limits are exceeded. To operate at full load, 
the Sierracin 98400 requires additional cooling either 
through conduction or forced air. 


New thermal designs counter heat troubles 


Kepco/TDK uses built-in fans to cool its RBX Series 
supplies. If the fan fails, a monitor circuit inhibits the 
power-MOSFET drive and turns the output off. The 
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RBX switchers are 600W single-output units. They’re 
available with 2V, 5V, or 24V outputs, and their 
operating efficiencies range from 65% (for the 2V 
model) to 85% (for the 24V model). 

Theta-J’s 50W and 100W supplies both feature 4.5W/ 
in’ power densities. To. counter the internal heating 
problems associated with such a high density, the 
company uses a common-surface thermal design that 
eliminates the use of individual heat sinks. In the 
design, all the dissipative components (the dissipative 
core materials, the primary-side power switch module, 
and the secondary rectifiers) are attached to a metal 


baseplate through selected heat-resistant insulators. 


All other components that must be kept cool are 
mounted so that they have maximum thermal resist- 
ance to the baseplate and minimum thermal resistance 
to the ambient. 

Theta-J’s power supplies represent the highest fre- 
quency off-line switchers. You can, however, use dc/de 
modules such as Vicor’s (Andover, MA) VI-100 models 
to build off-line switching supplies that operate at 
higher frequencies. (See box, “Use de/de modules to 
build an off-line power supply.”) 

You can choose a 75W module with a 5V output, or 
you can select one of four 100W modules with either a 
12V, 15V, 24V, or 48V output. For more power, you can 
add booster modules. Each booster module doubles the 
power of its master. You can add as many boosters as 
you need to reach the power level you desire or to build 





You provide the rectified ac input to generate a 50W, 5V output 
from Powercube’s Icecube. To obtain more power, you can connect 
two or more Icecubes in parallel. 
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At 10xX5X2.75 in., this 5|00W power supply from Summit Electronics 
is smaller than many 200W power supplies. It offers a power density 


of 8.6Wlin’. 


system redundancy into your design. 

The Vicor switching modules are based on a 1-MHz, 
zero-current-switching forward-converter topology. 
Unlike Theta-J, Vicor doesn’t use a resonant scheme to 
zero the current at the power transistors’ switching 
times. The modules feature power densities of 18 to 
51W/in® and good dynamic-load-regulation characteris- 
tics. The output voltage returns to within 1% of steady 


state within 100 psec after a 10% to 100% load change. 
Text continued on pg 138 
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Operating to more than 750 kHz, this 100W switcher, the 
Q100ADAD from Theta-J, achieves a power density of 4.5W/in’. To 
counter the internal heating problems associated with such a high 
density, the company uses a common-surface thermal design that 
eliminates the use of individual heat sinks. 
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A high calculated MTBF doesn’t necessari- — 

ly indicate a Ingh actual MTBF. Often, 

the calculations are heavily weighted by the | 
number of parts in a system. | 








The calculated MTBF for the modules is 214,000 
hours. This high calculated value is due in part to the 
low parts count (less than 50) and the lack of aluminum 
electrolytic capacitors in the Vicor design. 

Powercube (Billerica, MA) also offers high-frequency 
de-input modules to which you supply a rectified input. 
The 4xX2x1.9-in. 50W model costs $880; the 

.9X4.9X7.8-in. 500W version costs $3750. Both en- 
closed models furnish a single 5V output (line and load 
regulation each spec at +0.5%) and employ MOS tran- 
sistors that switch at 100 kHz. The supplies meet 
MIL-STD-461. (Several companies offer high-frequen- 
cy de/de switchers that accept low-voltage inputs; see, 
for example, pg 118.) 


Check regulations when choosing supplies 


When you're choosing a power supply for your sys- 
tem, don’t overlook the safety regulations that will 
apply to your product. If you want to sell your system 
abroad, for example, you'll have to have it certified to 


international regulations, so the power supply you 
choose must be able to meet these regulations. 

Because safety regulations limit the space between 
components in a supply, manufacturers of these smaller 
supplies will find it harder to certify their products. 
Keep the applicable regulations in mind when you 
specify one of these supplies. 

Currently, more than 25 national and multinational 
agencies exist to decide whether your products can be 
sold within their countries or areas of influence. The 
most familiar agencies are Underwriters Laboratories 
in the US, Canadian Standards Association in Canada, 
and Verband Deutscher Electrotechniker (VDE) in 
Germany. | 

In many countries, you’re not permitted to sell your 
products unless they meet the requirements of a specif- 
ic standard or standards. For example, Telecom equip- 
ment attached to the British phone system must meet 


the requirements of the British Telecom (formerly 
British Post Office) Technical Guide No 26. Telecom and 





EDN April 17, 1986 


Oe 
MILLIA MPERES 





See Triplett Technology in a Different Light. 
ersatile Panel Instrumentation 


Triplett announces a revolution in high-tech panel Colorful, back-lit displays are available in red, green, 
instrumentation: innovative, readable LCD bar graphs. amber or blue. You may also choose any combination of 
These exciting panel meters further establish Triplett as the these colors. Black on gray 1s standard. 


worldwide leader in the design and manufacture of panel 


| le. Panel meters are available in the ‘“G’’ Series 
instruments and test equipment. Adaptable 


curved display; the ‘“WS’’ Series curved display and in the 
Versatile. Computer-compatible panel meters come in 16 Edgewise Series, vertical or horizontal with a front or rear 
models and 13 modes. The 103-segment bar graphs are mount. 

specifically designed as replacements for the popular 3.5 
and 4.5 inch analog instruments, as well as for new 
installations. 


When you ate looking for the finest in high-tech panel 
instrumentation, look to Triplett, the Company America 
has trusted for more than 80 years. 

Advanced. Triplett’s technology offers you panel . 
sasunineanes that indicates i high ay point, low set For more information, call 1-800-TRI-PLET ext. 40. 
point, both set points, peak, valley, both peak and valley 
and alternate between data and the six modes of display. 
The bar graphs are highly visible from a distance of 20 feet. 


Circle 99 for FREE demonstration 
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Some manufacturers are building smaller 
supplies by using MOSFET switching tran- 
sistors, which can switch at higher frequen- 
cies than can bipolars. 


data-processing equipment sold in Germany must be 
designed and built to VDE 0804/3.77 standards. — 
In some countries, power supplies must be certified 
twice. First they must meet the requirements of the 
standard for power supplies, and then they must meet 
the standard for the product in which the power supply 
will be used. In the US, a power supply must first meet 
the requirements of UL standard 1012 for power sup- 
plies. Then, depending on the system the supply is 
designed for, the supply might have to meet UL 114 
(for electronic office appliances and business machines), 
UL 478 (for electronic data-processing units and sys- 
tems), or UL 508 (for electric industrial-control equip- 
ment). In Canada, power supplies must meet the re- 
quirements of CSA standard C22.2, No 107-1957, which 
governs rectifying equipment, as well as requirements 
governing the end product. 

It takes from six to eight weeks to have a power 
supply tested and recognized by UL. VDE certification 
could take as long as a year. It’s a good idea, then, to 
find out during your design stage which standards will 


apply to your product and plan to have the required 
certification testing performed. You can, however, 
shorten the German certification process by using the 
TUV-Rheinland testing agency; its US office is located 
at 50 Main St, Mount Kisco, NY, 10549; phone (914) 
241-2400. 

Further, when you select a power supply, you must 
know whether the supply is actually certified to the 
necessary standards or whether it’s only designed to 
meet the requirements of specific standards. For exam- 
ple, NCR Power Systems’ supplies are UL recognized, 
VDE approved through testing by TUV, CSA certified 
and compliant with IEC 380 (IEC does not have a 
certification program). ACDC’s RH Series supplies are 
UL recognized and CSA certified. The company’s 
Model RH101 is a 100W single-output open-frame sup- 
ply operating at 100 kHz. Before being shipped, all 
RH101 supplies are burned in for 24 hours with ac 
cycling and then computer tested. Test results are 
shipped with each unit. 

Panasonic’s 75>W MR Series and 100W MS Series 
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PACKAGED ~  Onecompany lays claim to the 
Cea industry's broadest line of high- 

| performance, high-reliability 
switching power supplies: Computer Products, Inc. 

Our 36 to 200 watt models — with single, dual, triple 
and quad outputs — feature a reliable flyback or for- 
ward converter topology and yield minimum 70% effi- 
ciencies. With 115/230 VAC jumper selectable inputs. 

Vhen more power is the order, specify our 500 to 
1500 watt switchers. Available with single, dual, triple 
and quad outputs, they offer field selectable 115/230 
VAC inputs and efficiencies to 75%. Overload, OVP and 
thermal protection are built in. 

Power Products’ switchers are UL and CSA listed and 
meet EMI standards of FCC and VDE. They're perfect 
for building-in more performance and reliability in mo- 
dems and minicomputers, CAD/CAM and telecom sys- 


tems, in ATEs and industrial process control applications. 





name no one knows. 


ESE) 


Sess 





There’s No Power Supply Problem 
We Can’t Solve 

The Power Conversion Group of Computer Products 
Inc. now combines the resources of six separate 
business units — Boschert, Power Products, Stevens- 
Arnold, Tecnetics, Power Products Ltd. [Ireland], and 
Computer Products Asia-Pacific Ltd. (Hong Kong). This 
means we Can produce virtually any type and size power 
Supply you will ever need, from ”% watt to 2000 watts: 

e AC/DC Linears and Switchers 

e DC/DC Converters 

e AC/DC Uninterruptible Power Systems 

e Standard, Special and Custom 

e Commercial, Industrial and Mil-Spec 

All have guaranteed reliability, and most are backed by 
our no-hassle two-year warranty. And we offer high- 
quality design and application assistance, plus prototype 
Services and a host of other supports we call PACKAGED 
POWER. 

Contact us now for free product literature. 


COMPUTER 
PRONUCTS |. 


POWER PRODUCTS OIVvisio“ni 


2981 Gateway Drive « Pompano Beach, FL 33069 « Phone (305) 974-2442 « TWX 510-956-3098 
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Diodes and thyristors in 
plastic and stud housings 


@ Upto295A 
@ Products of 


_ quality manufactured 
in West Germany 


@ Technical Service 







PSS ae 


For further information please contact: 


Brown Boveri & Cie - Aktiengesellschaft 
Geschaftsbereich Halbleiter, HL/MA 1 


P.O. Box 1180, D-6840 Lampertheim 
Phone (06206) 503-1, Telex 462411602bbd BROWN BOVERI 


Semiconductor Division 
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You can build your own power supply by selecting from Qualidyne’s 
power modules, post regulator modules, and enclosures. 


supplies are recognized by UL, certified by CSA, and 
approved by TUV to VDE standards. The supplies also 
conform to IEC 880 and BS 5850. 

Because of the long certification cycle, many power- 
supply manufacturers offer supplies for sale before 
they’ve been certified. Deltron’s V Series is an exam- 
ple. The V Series is designed to meet VDE, IEC, UL, 
CSA, BT, ECMA (European Computer Manufacturers 
Association), and CEE (International Commission on 
Rules for the Approval of Electrical Equipment) speci- 
fications. The supplies feature 8750V ac isolation, 8-mm 
Spacing between primaries and secondaries, 4-mm 
spacing between primaries and ground, and a 0.75-mA 
leakage current between line and ground. The manu- 
facturer is in the process of having the supplies 
certified. 

For supplies that the manufacturer claims are “de- 
signed to meet” a certain standard, you'll have to 
determine on your own whether they'll actually meet 
the requirements when put to the test. EDN 


Table begins on pg 146 
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FX 300 (300 Watts) 
5" x9" x 2.5" 


New FX Series and GX Series of 
Switching Power Supplies. 


Up to 3.6 watts per cubic inch 

50* per watt in volume 

Three to five outputs 

Adjustable auxiliary outputs 

e oe watt output 

FCC EMI filters 

Call Our Toll Free UL / CSA / IEC / VDE approvals pending. 


Information Hot Line Today! qx series Ruggedized to MIL-STD-810D 


s}= Summit 


Electronics, Inc. 


X 150 (150 Watts) 
25" x 8.25" x 2.75” 





In Texas Call (214) 231-1456 


Jack Barry, Vice President Marketin A subsidiary of Basler Electric Company, Highland, Illinois 
Steve Mole, Sales Manager ~ 855 East Collins Boulevard 
Bryan Bristol, Customer Service Richardson, Texas 75081 
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VUN WUAN i arr VvUNVEnM 
OF POWER 


Military 100 Watt DC-DC Converters 


@ Weight: 4 pound 

@ Size: 4 cubic inches 

@ Power: 100 Watts 

@ Density: 400W/Ib & 25W/in* 

®@ Switching Frequency: 1 Megahertz 












Inland Power Technology serves up state-of- We can also configure complete power systems 
the-art DC to DC converter technology. Encap- with output powers in excess of 2K W and power 
sulated 4 ounce, 4 cubic inch modules that supply densities up to 47 W/in®. For example, a triple 
up to 100 Watts of low noise, tightly regulated output system with 5V @ 105A & + 15V @6.7A 
DC power. has a volume of only 24 in’ and weighs a mere 

They’re built to meet the requirements of 1% |b. 

MIL-STD-810A for shock, acceleration, vibration, Call us for complete information on our full 
altitude, humidity and salt spray. Reliability is line of military quarter-pounders — the most 
exceptional with a calculated MTBF of over significant improvement in power supply technol- 
200,000 hours at 80°C per MIL-HDBK-217D. ogy since the advent of the switcher. | 


These mighty 100W modules are designed 
especially for portable, vehicle and airborne 
applications where high efficiency and small size 
and weight are important. Standard input vol- 


tages which cover the range from 10Vdc to 
370Vdc are available with outputs from 2Vdc 4020 E. Inland Road « Sierra Vista, AZ 85635 
to 100 Vdc. Phone: (602) 459-1150 * TWX: 910-973-9869 
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Power Technology Group 


Inland Motor Division 


Kollmorgen Corporation 





How to design 









ap 
in 





Data, Sperry, Xerox, and 


AT&T do. Spin your Rolodex 
to “P” and phone Pioneer. 
In less time than it takes 


for a cup of coffee, you 


can have Number One 
in high power switchers 
working on your power 
supply. And you can get 
back to work on your 
system. 

Pioneer starts by 
taking you through our 
QuickCheck Spec List. 
Is your input AC or DC? 
How many watts of out- 
put power—from 375 up 
to 2000—do you need? 
How many channels? 
What tolerances? Does 


your unit need to meet Interna- 
tional EMI specs? Or International 
Safety specs to the SELV level? Need 
built-in Volatile Memory Backup (or 
any of three dozen other options)? 


Pioneer Magnetics. Because systems designers should design systems, not power supplies. 


ower S 
Z 


Do what IBM, Control 








upply 
> minutes. 






























sf Magnetics 


“lin High Power Switching Supplies’ : 


So you don’t have to worry 
about expensive one-of-a- 
kind pricing. Or reliability. 
One customer put 333 
Pioneer units through a 
million-hour cumulative 
evaluation. Result: 
MTBF'’s in excess of 
, ' 115,000 hours! 
——— oe — Call Pioneer toll-free 
en es at 800-233-1745. In Cali- 
LMA - fornia, 800-848-1745. 
= And turn your design 
Ss Nn sean needs over to US. Or if 
: . you'd just like to know 
= = @ more, we'll send a full 
Information Pack on 
our complete line of 
high power switchers 
with no obligation. 


1745 Berkeley Street, Santa Monica, Ca 90404 
-___ (800) 233-1745 outside California _ 
or (800) 848-1745 in California — 


No matter how unique the specs on 
your unit, chances are excellent that 
Pioneer has built one like it—not once but 
many times. (We should have; we’ve 
shipped well over a quarter million units.) 
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REPRESENTATIVE HIGH-FREQUENCY OFF-LINE SWITCHING POWER SUPPLIES 

















OUTPUT 
VOLTAGES 


(V) 


EFFICIENCY 
(%) 


MODEL 
MANUFACTURER NUMBER 


POWER DENSITY 


OPEN FRAME (0) 
(W/IN.) 


ENCLOSED (E) 
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SYSTEMS 
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SAFETY AND 


EMISSIONS PRICE 
STANDARDS MET ery) COMMENTS 


_ MIL-STD-461 a. 


LOAD 
REGULATION 


OUTPUT 
RIPPLE/NOISE 


LINE 
REGULATION 
BIPOLAR (BI) OR 
MOSFET (MOS) 
SWITCHING 
FREQUENCY (kHz) 





L : MIL-$-901¢ | 
a UL, CSA, IEC, VDE ba 
_ Tease £1 0% _ MOS - DESIGNEDTO | $195 __ INRUS 

| _ _UL, CSA, FCC-A __ 
| DESIGNED TO 
UL CSA, FCC-A 













5% TO so 0% | 





100 mV p-p Pane ae UL,CSA,IEC, VDE | $180 0 (1) ” 3:YEAR WARRANTY 


joo mV pp | +£0.1% + 0.2% UL,CSA,IEC, VDE | $360 (1) | OPTIONAL POWER-FAILURE 
MONITOR 

100mVp-p | 40.1% + 0.2% UL,CSA,IEC, VDE | $545 (1) | OPTIONAL THERMAL 
SHUTDOWN 





1% p-p +0.2% +0. 4% “UL, CSA, IEC, VDE ~ $1000 (ly 5-YEAR WARRANTY; MULTIPLE- 
OUTPUT MODELS 1 AVAILABLE 


PTIONAL STEEL C 


35 mV p-p +0.1% 40.1% DESIGNED TO $275 (1) | 5-YEAR WARRANTY 
MIL-STD-810C, 
UL, CSA, FCC-A 
35 mV p-p + 0.1% +0.1% DESIGNED TO $725 (1) | CONVECTION COOLING 
MiL-STesy0e. : 
. <4 . a 3 


) TIONAL POSITIVE 
TIVE cases REG 














Tee tao | aes oe To nm OSA, VDE, IEC SE 1) 


50 mV p-p +0.01% + 0.05% naan TO UL, gre (1) MODULAR CONSTRUCTION 
CSA, VDE, BT 
50 mV p-p +0.01% + 0.05% DESIGNED TO UL, $405 (1) 
baat VDE, BT 


__UL, CSA 


50 seco p- - Le 2% + re 2% UL, CSA, VDE, er a ) 
FCC-B, VDE (EMI) 
50 mV p-p + 0.2% + 0.2% UL, CSA, VDE $300 (500) 
FCC-B, VDE-B 
$749 
























| _UL, CSA, VDE, 
_FCC, VDE (EMI) 
UL, CSA, VDE, 
FCC, VDE (EMI) _ 


“0.2% +£0.4% +0.4% MIL-STD-461, VDE ~ $3795 (1) MILITARY APPLICATIONS 


_. “UL, CSA, Foc 







[UL CSA, FOO” : + 
/ULGSA,VDE,EC! | $ 
“FCC, VDE (EM) | _ 


ee p-p Pe ee | UL, CSA, IEC, VDE $535 6) 
FCC, VDE (EMI) 
Sea p-p + — é ee UL, CSA, IEC, VDE $535 (5) TIGHTER REGULATION ON AUX 
FCC, VDE (EMI) OUTPUTS. THIRD OUTPUT IS 
| DRIVEN BY MAGNETIC AMP 
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Slmmere]areliecelaliare mre Ae Mmelalial(oigae)elile)(cm ele\\icl@m-)\s-1(cl Allee 
announces the availability of switching power sup- 
fe)itcrom(alcelelelamiareler-icarclmell-jtglieleitielan 

VAVoMe)ACclamAUciai Aaa alialcmellicciccialmanece(cicmielmUla(ercliny 
eAV.c1 AVAnod(siei ce) al(emrste)e)iiertile)ap 

mtclale|iaremicelanmm Rome (omm hol0 Mn 7-lde-me)mme-re|0lt- (cle mele 
power, all switchers, featuring single, triple or qua- 
druple outputs, are designed to meet or exceed the 
most stringent industry safety requirements, includ- 
Tale fa ©) War-ta(e Mt @teyaw-|0)0)¢e)V7-1 


Write for free literature. 1717 Busse Rd., Elk Grove Village, IL. 60007, (312) 439-2800. 


SOLA SWITCHERS. 
THE POWERS THAT BE. 





Why such a diversified line? Because Sola 
doesn't feel that it’s right for you to make do with 
what's available. So instead, we make available 
what's right for you. 

The end result is your electronic products contin- 
ue to perform dependably and cost-effectively. And 
if your OEM designs require modification or custom- 
izing, Sola will put its team of experts to work for you. 

Switch to Sola switchers. After all, it only makes 
sense to deal with 
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200 WATT DC TO DC CONVERTERS 
24V OR 48V DC INPUT 








THE CHOICE IS YOURS! 


24V DC Input 2400 Series or 48V DC Input 1100 Series 
200 Watts of Multiple Outputs (Up To 5 Outputs) 
igh Efficiency Secondaries (MAG AMP Control) 
:1 Size Advantage over Single Output Supplies 
urge Capability for Disk Drives 


110VAC Input Available in the Same Package 


Ideal for Telecommunications, Cellular Radio 
and Distributed Power Applications. 


Call or write today for a free brochure: RO ASSOCIATES, INC. CIRCLE NO 142 
246 Caspian Drive, Sunnyvale, CA * Telephone (408) 744-1450 * Twx: 910-339-9304 














wresht 6} 




















The demonstrated MTBF for acdc’s 
750-1500 Watt supplies isin excess Response: 
of 71% years! Already. = <100 mv output excursion # 2,5, 12, 15, 24, 28 and 48 V 


That's > 66,000 Hrs. Andthe burn-in _ following a 50% load step models available 


test is still continuing. (< 400mv following a 100% a UL, CSA, IEC 380 
For immediate assistance call 


“750, 1000W, 1500W Single 


output models 





And burn-in at acdc is harsh. eae ae 619) 439-4200. Or circle reader card 
a 50°C = output recovery to within 1% olmanrelese croalalierclaiaelanircitiolay 

= fullload in <300ms 

= AC cycling once a minute Features: 





This emphasis on testing is acdcs 


charter. It insures that specs are ysie e aa by TUV 

met or exceeded before units are seaaie cutie 08 : 

approved for shipment. : precise current sharing — option 
| 


aalieligelelsamale)(¢e)(.-1@-1(0)e-1e(- Om aalo - 
acdcs new JF Series offers more standard 5”x8" profile electronics lz 
ldar-lauaule(e(-lemeciitcle)iavay neh iclalecie 


technology such as Current Mode 401 Jones Road, Oceanside, CA 92054. Tel: 619/757-1880. TLX: 350227. 
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AVAILABLE LOCALLY THROUGH THESE REPRESENTATIVES 


AUSTRALIA/NEW GUINEA Acme Engineering FINLAND OY Flinkenberg & Co., AB 
Kilsyth, Victoria Tel: (03) 890-0900 Helsinki « Tel: (90) 647-311 

BELGIUM/LUXEMBOURG Rodelco SA/NV Electronics GERMANY Data Modul GmbH 
Brussels « Tel: 02-2166330 Miinchen « Tel: (089) 5601 70 

CHINA, REPUBLIC OF Morrihan International HONG KONG Components Agent Ltd. 
Taipei ¢ Tel: (02) 752-2200 Hong Kong « Tel: (0) 4992688 

DENMARK E.V. Johanssen Elektronik A-S INDIA Hindco Corporation 
Copenhagen « Tel: (01) 83 90 22 Bombay « Tel: (22) 493-1544 

FRANCE Radio Television Francaise ISRAEL Rapac Electronics, Ltd. 
Gentilly ¢ Tel: (01) 664.11.01 Tel Aviv « Tel: (03) 477115 


ITALY Microelit s.r.1. 
Milano « Tel: (02) 46 90 444 
Rome « Tel: (06) 890892 
JAPAN Jepico Corp. 
Tokyo Tel: (03) 348-0611 
NETHERLANDS Rodelco BV Electronics 
Breda « Tel: (076) 784911 
NEW ZEALAND S.D. Mandeno 
Auckland « Tel: (09) 600-008 
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You'll find outstanding specs, performance, pricing 
and availability in these new I/O Modules...from 
Grayhill or your local Grayhill distributor, in all stan- 
dard configurations. All are compatible with 5, 15 


or 24V logic circuits. 


AC output 120V or 240V 
DC output 3V to 60V 
AC input 120V or 240V 
DC input 3V to 32V 


black case 
red case 
yellow case 
white case 


Prove it to yourself...ask us for free literature 
with complete product specifications and prices. 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 

Phone: (312) 354-1040 TLX:6871375 
TWX: 910-683-1850 FAX: (312) 354-2820 


NORWAY Hans H. Schive A/S 
Nesbru » Tel: (02) 84 51 60 


SINGAPORE, REPUBLIC OF Microtronics Associates Ltd. 


Singapore « Tel: 7481835 
SOUTH AFRICA, REPUBLIC OF Liberty Electronics Ltd. 
Boksburg « Tel: (11) 52-7637 
SOUTH KOREA Unistandard Corporation 
Seoul ¢ Tel: (02) 532-6815 
SPAIN Unitronics SA 
Madrid « Tel: (01) 242 52 04 


SWEDEN Bo Palmblad Aktiebolag 
Bromma « Tel: (08) 25 27 20 
SWITZERLAND Walter Blum AG 
Zurich « Tel: (01) 312 68 72 
UNITED KINGDOM Highland Electronics, Ltd. 
Brighton e Tel: (0273) 69 36 88 
Dunfermline ¢ Tel: (0383) 822911 
Burgess Hill, West Sussex Tel: (044 46) 45021 
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Feed analog signals 
— to IBM PC-compatible 
personal computers — 








A personal-computer-based data-acqusition 
system converts analog signals from low- 
level sensors—first, to a level an analog-I/O 
system can use, and second, to the digital 
ones and zeros the computer can use. Some 
guidelines can help you implement hara- 
ware and software solutions to the some- 
times thorny interface problem. 





John Croteau, Doug Grant, and Scott Wurcer, 
Analog Devices Inc 


By building a custom analog-I/O card for your IBM PC 
or compatible system, you can save money (as com- 
pared with commercially available cards) and realize a 
system that meets the particular requirements of your 
analog-input application. When building analog-I/O 
cards for personal computers, however, you must be 
aware of environmental influences and design trade- 
offs. This article reviews those design considerations, 
offers some simple software-driver routines, and gives 
examples that demonstrate how various blocks in an 
analog-I/O system interconnect. The emphasis is on 
systems needing 12-bit accuracy. 
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The availability of low-cost, programmable hardware 
(the personal computer) allows you to build systems 
that collect, store, communicate, summarize, plot, and 
analyze data—and you can do all these tasks without 
incurring major capital expenditures (see box, “Should 
you buy or build?”). Such data might come from an 
electronic system that measures physical parameters— 
for example, pressure, temperature, flow, force, and 
light intensity. Inexpensive software tools are available 
for many of the mentioned tasks, and specialized tools 
are easy to develop with the aid of the high-level 
languages now available. 

A transducer’s analog electrical output requires some 
signal conditioning in order to produce an output that’s 
useful to a system. In no case does a transducer deliver 
either a digital output or a clean, buffered, filtered, 
precisely scaled, 0 to 10V output that an A/D converter 
can use. The real world contains many deviations from 
the laboratory’s ideal environment: Temperature fluc- 
tuates, noise intrudes, and signal transmission is rarely 
perfect. Furthermore, transducers used to measure 
physical phenomena don’t offer zero output impedance 
or convenient output levels. Consequently, there is a 
need to convert these signals from the original analog 
format to a useful analog format, then finally to a 
digital format that a personal computer can interpret. 

Depending on your specific application, you have 
several alternatives in system-design philosophy—al- 
ternatives that entail tradeoffs in speed, accuracy, and 


153 











A custom analog-I/O card for personal 
computers can save money and at the same 
time serve a particular application better 
than would a commercially available board. 





cost. For instance, to monitor several slowly varying 
temperatures by using similar transducers, you might 
build a system that uses identical fixed-gain stages and 
a single accurate A/D converter preceded by a multi- 
plexer. On the other hand, a system that needs high 
versatility (for example, one that monitors several 
types of signal sources) might require a software- 
programmable-gain amplifier (SPGA) in order to ac- 


commodate a wide range of input levels. 

In either case, bear in mind that an analog system is 
only as good as the components it comprises. The 
multiplexer, SPGA, sample/hold amplifier, and A/D 
converter all contribute offset, gain, and linearity er- 
rors that degrade system accuracy. Although you can 
trim your circuits to reduce offset and gain errors, 
integral and differential nonlinearities and noise ulti- 


a 


Should you buy or build? 





The possibilities for effecting an 
interface between analog signals 
and a personal computer can en- 
tail an expense of anywhere 
from a few tens of dollars to a 
few tens of thousands, depend- 
ing on the hardware you choose. 
At one end of the spectrum are 
complete analog-I/O systems 
that connect to the PC through a 
standard RS-282C interface. 

Such systems can perform not 
only the signal conditioning and © 
analog-to-digital conversion, but 
also store the data, scale it, and 
communicate it to the host PC in 
a form fully converted to engi- 
neering units. Many such sys- 
tems use fairly high-level com- 
mands to communicate with the 
host; these systems have proba- 
bly the simplest interface re- 
quirements. 

The disadvantage attached to 
such systems (besides their high 
prices) is that they sometimes 
contain so much intelligence that 
you must learn a new operating 
system or command set, which 
can be quite different from the 
PC’s software. For laboratory- 
experiment applications, it’s un- 
fair to ask a lab technician to 
become a computer scientist 
merely to automate a data-gath- 
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ering task. 

One step down the cost ladder 
are board-level I/O subsystems, 
which can be attractive alterna- 
tives to large systems. Many I/O 
boards include a powerful subset 
of the features of the larger sys- 
tems—for example, effective an- 
alog-signal-conditioning and 
data-conversion functions as well 
as some intelligence. 

Some of these board-level sub- 
systems offer interchangeable 
modules to adapt the board to 
various transducer types. These 
general-purpose board solutions 
typically represent an invest- 
ment of a few thousand dollars, 
and are flexible enough to work 
with any host PC or minicom- 
puter (because communication 
usually takes place through an 
RS-232 or similar port). 


Machine-specific I/O 


Another solution to the ana- 
log-world/digital-computer inter- 
face challenge is to use a ma- 
chine-specific I/O card. Such 
boards are available from many 
vendors (often including the 
computer manufacturer itself), 
and include various combinations 
of analog and digital I/O. These 
boards represent a good invest- 


ment, for several reasons. 

First, the cost of a machine- 
specific board is generally much 
lower than that of a general-pur- 
pose, one-size-fits-all board. Sec- 
ond, the tight coupling of the I/O 
board to the bus allows fast com- 
munication of the digital data to 
the PC’s memory, without the 
intervention of a slow communi- 
cations link. Finally, you can 
control the board’s operation in 
the native operating system or 
the PC’s language; you therefore 
don’t have to learn a new lan- 
guage or operating system. 

Because the dedicated I/O 
board is most often the best 
choice, you must make the deci- 
sion whether to buy or build the 
board. The advantage of buying 
a board is that no design or con- 
struction efforts are necessary. 
On the other hand, a custom- 
built board can include exactly 
the features needed in the appli- 
cation, and you can easily modify 
the board without concern for 
voiding a warranty. Such modifi- 
cations might include upgrades 
for higher-performance compo- 
nents or additional channels, or 
an interface to a different trans- 


ducer type. 
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mately limit system performance. In addition to using 
proper layout, bypassing, and grounding practices, you 
must scrutinize seemingly unimportant specs when you 
choose signal-conditioning components. 

In systems using high values of gain, even small, 
second-order errors in the signal-conditioning chain 
become important when the errors enter the system 
prior to a gain stage. Such error sources are sometimes 
hard to find. It’s useful to analyze each stage in an 
analog-input system to determine the stage’s error 
contribution. You can then take steps during the design 
process to minimize the errors in each stage. 

The front end, or analog-signal-conditioning part, of 
a data-acquisition system (DAS) might resemble the 
configuration shown in Fig 1. The system can accept 
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CALIBRATION 
REFERENCE 


MULTIPLEXER 


signals from several different transducer types; each 
channel has its own amplifier. This remote-amplifier 
approach is often more desirable than one in which you 
send low-level signals around a noisy industrial envi- 
ronment or a noisy computer cabinet. The amplifier- 
per-channel approach has historically been prohibitive- 
ly expensive, however, particularly in systems having 
many channels. 

Newer-generation instrumentation amplifiers—for 
example, the AD524/624/625 family—make it possible 
to realize a cost-effective implementation of a high- 
accuracy, amplifier-per-channel data-acquisition front 
end. The availability of plastic-packaged versions of the 
amplifiers further enhances cost effectiveness. The 
AD524 and AD624 both have pin-programmable gain; 


SAMPLE/HOLD 
AMPLIFIER 


CONVERTER | 





Fig 1—In this typical data-acquisition system, a multiplexer routes the various analog-input signals to a software-programmable-gain 
amplifier. The sample/hold amplifier retains the value of a sampled signal while the A/D converter performs the conversion. The software 
signals to the SPGA adjust the amplifier’s gain in accordance with the signal levels of the different input channels. 
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you can use them without external components in 
fixed-gain: applications. Instrumentation amplifiers 
offer several attractive advantages, such as true differ- 
ential inputs and ground isolation (within the limits of 
the supplies). 

To understand the benefits offered by an instrumen- 
tation amplifier in data acquisition, consider Fig 1’s 
interface to the strain-gauge load cell. Strain gauges 
use a resistive-bridge configuration and are extremely 
linear and accurate, at the expense of yielding a very 
low full-scale output voltage (usually 10 to 40 mV). The 
AD624 is a good choice in this application; it offers 
pin-programmable gains of 1, 100, 200, 500, and 1000, 
thereby allowing the amplifier to raise the transducer’s 
signals to several volts full scale. 

Mounting the instrumentation amp right next to the 
transducer results in high rejection of potential noise 
sources and a low output impedance. If you need gains 
other than the mentioned fixed values, the AD625 is a 
better choice. This amplifier offers a 1 to 10,000 gain 
range that’s determined by three external resistors. 
The amp can therefore accommodate virtually all stan- 
dard industrial transducers. Resistance temperature 
devices and thermocouples are examples of other trans- 
ducers that can benefit from precise signal conditioning 
at the transducer site. 

The family of instrumentation amps employed here 
allows the use of an external power buffer inside the 
gain loop, thereby simplifying the task of driving very 
long cables between the transducer and the system. 
Such a buffer can prevent loss of bandwidth and pre- 
serve the signal’s integrity. Without a buffer, most 
monolithic amplifiers oscillate when driving the large 
capacitive load of a long shielded cable. Furthermore, 
without the amp’s sense connection, the inaccuracy of 
an outside-the-loop buffer can degrade signal accuracy. 
Instrumentation amplifiers having on-chip power-out- 
put stages tend to suffer from errors induced by the 
additional power dissipation. 


Choosing a multiplexer 


An input multiplexer can greatly enhance the cost 
effectiveness of a data-acquisition system by allowing a 
single A/D converter to serve many input channels. The 
most precise multiplexers usually use relay switching 
elements, and the best commercial signal multiplexers 
use reed relays. High-quality reed relays have a very 
large (about 10”) ratio of off- to on-resistance, as well as 
very low leakage current (about 10°“A) and offset 
voltage (about 2 wV). However, cost, size, speed, and 
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AD7502: 
Ron=1702 
ARon=4% 










AD625: 
Ip=50 nA 
los=35 nA 







(Ry=R2+ AR and Ip; =Ip- +los) 
V*=Ig+R1=(Ip- +los)(Ro+ AR) 
V*=Ip-Re+losRe+lg-AR+losAR 
V-=lIp-Re 

Vos=V*-V~ =losRe+lg_-AR+losAR 
Vos=6.3 pV 









Fig 2—Multiplexer-induced errors come from two sources: multi- 
plexer on-resistance, and the instrumentation amplifier’s input-bias 
currents. More accurately, the major sources of error are the 
disparity between the on-resistances of the multiplexer’s different 
channels and the difference between the amplifiers two bias 
currents. 


power consumption are all problems inherent in the use 
of relays to multiplex analog signals. 

If you can design around their shortcomings, JFET 
or CMOS multiplexers are preferable. JFET (including 
BiF ET) multiplexers have on-resistances that are high- 
er than those of relays, and the on-resistances are 
nonlinear with current and voltage. JFET multiplexers 


also have higher leakage currents than relays, and 


these currents are very temperature sensitive. 
MOSFETs have even higher on-resistances, as well as 
back-gate-to-substrate leakage. This leakage results in 
high off-current errors. 

Another key difference between JFET and MOSFET 
multiplexers is their behavior in supply-sequencing 
situations. JFET multiplexers have the annoying (and 
potentially problematic) characteristic of turning all 
channels on upon loss of power. Multiple, separately 
powered signal sources sharing a JFET multiplexer 
could thus find themselves all shorted together upon 
the loss of power to the multiplexer. Furthermore, 
JF ET and junction-isolated CMOS devices are prone to 
latch-up if signal levels exceed the supply voltages. 
Dielectrically isolated CMOS multiplexers are immune 
to this latch-up effect. 


Reduce multiplexer errors 


To obtain maximum signal-transmission integrity, 
your system should provide the multiplexer with a 
low-impedance source and a _ high-impedance load. 
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These conditions prevent leakage errors from exerting 
a large effect and ensure that leakage currents through 
the multiplexer are small (resulting in low offset). You 
shouldn’t multiplex very-low-level signals with JFET 
or MOSFET multiplexers, because any errors in the 
multiplexer will be large with respect to those signals. 

Fig 2, for example, shows a configuration in which a 
differential analog input is multiplexed into a program- 
mable-gain amplifier (PGA). The PGA’s offset current 
(the difference in the bias currents of the two inputs) 
produces a small offset voltage as the current flows 
through the multiplexer’s on-resistances. A second off- 
set error arises from the difference in on-resistances 
between the multiplexer’s channels and the PGA’s bias 
currents. In a system with a gain of 1000, the 6.3-yV 
input offset, calculated in Fig 2 for an AD7502 and 
AD625, would yield a trimmable output offset voltage 
of 6.3 mV. 

You must trim the described offsets—and all others 
prior to the gain stage—at a point in the circuit before 
the gain stage if you wish to select multiple gain 
settings using software control. Otherwise, the offsets 
take on different values with each gain setting and as a 
consequence prevent your trimming them at a later 
point. . 

To make optimum use of the dynamic range of an A/D 
converter, it’s necessary to adjust the front-end gain 





You must tailor the signal-conditioning 
function at the front end of your data- 
acquisition system to suit the requirements 
of the transducers. 


for each input. You must adjust the gain so that the 
full-scale voltage for each input is as close as possible to 
the full-scale input of the converter. A system that 
must handle inputs over a very wide dynamic range 
could use an SPGA to accomplish the gain adjustments. 
The AD625 SPGA building block, combined with a 
resistor network and a CMOS switch, forms a versatile 
SPGA (Fig 3). This SPGA could provide just a few bits 
of dynamic range, or an entire 512-to-1 gain prescaling. 

The AD625 exhibits no signal-related change in cur- 
rent in the sense inputs, so the gain network simply 
becomes a switchable feedback attenuator in which the 
switch resistance causes only second-order errors. 
CMOS switches are adequate in this application for 
12-bit performance. Gain accuracy and temperature 
coefficients are primarily functions of the quality of the 
external resistors. The gain network should therefore 
comprise resistors that furnish a low temperature coef- 
ficient and =1% tolerance, or a packaged resistor 
network. 


Noise and other gremlins 


In general terms, noise is anything that interferes 
with a measurement, whether the interference be ran-— 
dom or periodic. It’s beyond the scope of this article to 
do complete justice to the subject of noise, but some 
major topics are worthy of brief mention. 


POWER 
BOOSTER 
(OPTIONAL) 


DIGITAL BUS (GAIN WORD) 





Fig 3—You can build your own software-programmable-gain amplifier using readily available IC building blocks. Here, the 4-channel 
multiplexer selects the gain-setting resistors for the instrumentation amplifier. Note that the optional power booster is inside the gain loop, 
thereby eliminating errors that could arise from the booster’s nonlinearities. 
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In designing a front end for an analog-I/O 
system, you should be aware of the various 
error sources and how they affect total sys- 
tem accuracy and linearity. 


Thermal, or Johnson, noise is a fundamental limiting 
factor in the accuracy of many measurements. Take, for 
instance, the quasistatic case of a mass on a load cell. 
Even a perfect 3500 load cell has 2.4 nV/VHz of noise 
that, in a 10-Hz bandwidth, contributes approximately 
2.3 ppm p-p of a 20-mV full-scale output. 

Bandwidth reduction is one way to reduce the effects 
of noise. You’d typically use a multipole filter with a low 
cutoff frequency (say, 3 Hz) to prevent as much as 
possible of the non-de information from arriving at the 
A/D converter. The actual circuit noise eventually 
assumes a 1/f nature, and additional filtering offers 
diminishing returns. The AD624 specs 0.2-y.V p-p noise 


LEAKY SHIELD 


UO 
SIGNAL 
SOURCE 





in a 0.1- to 10-Hz bandwidth. This spec results in a 
10-ppm resolution limit for a 20-mV full-scale input. 
Proper attention to grounding, shielding, and supply 
bypassing can result in considerably improved perform- 
ance before you do any filtering, which only reduces 
undesired effects after the fact. Fig 4a shows some of 
the interference-type noise existing in a differential- 
amplifier circuit. Shielded twisted-pair cables offer 
good noise rejection; the twist prevents the formation 
of a magnetic loop, and the balanced nature of the line 
holds electrostatic pickup to the status of a common- 
mode error. In the schematic in Fig 4a, the op amp 
senses ground remotely. This connection maintains a 


SERIES RESISTANCE AND INDUCTANCE OF BYPASS CAPACITORS 
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C , 7 oT 7 3 
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Fig 4—A high-gain amplifier circuit contains several sources of error. In a, leaky shields and imperfect bypass capacitors produce 
interference-type noise. The op amp senses ground remotely, resulting in a large difference between input and output grounds. Transformer 
coupling is the gremlin in b; electromagnetic fields can couple line harmonics and load currents back into the amplifier’s inputs. 
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considerable difference between the input and output 
grounds, a difference that causes no error. 

Current delivered to a load from the supply lines can 
cause coupling of a signal back into the circuit through 
transformer action. Similarly, transformer action can 
couple any of the loops shown in Fig 4b back into the 
input loop. Furthermore, power-supply transformers 
can couple line harmonics as well as signal current back 
into these sensitive inputs. Most amplifiers exhibit 
decreasing supply rejection with increasing frequency, 
making them particularly susceptible to high-frequency 
electromagnetic coupling. It’s good practice to decouple 
all supplies using capacitors that provide efficient by- 
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passing to frequencies well beyond the signal-frequen- 
cy range. 

Noise and coupling phenomena are not the only 
problems that beset data-acquisition systems. Thermal- 
EMF effects can seriously degrade the de performance 
of a data-acquisition system, especially at high gains. 
Any junction of dissimilar metals generates a potential 
that varies with temperature. The junction of a gold- 
plated Kovar IC lead with a copper pc-board run can 
have as much as 50 wV/°C of thermocouple voltage. You 
should, therefore, take care to balance all thermocou- 
ples in a de circuit. 

Be sure to keep all sensitive circuitry at equal 


4 


IBM PC 


CARD SLOT AD574A 


AEN 


Fig 5—It’s easy to interface an A/D converter to a personal computer. Here, the 12-bit AD574A interfaces with an Apple (a) and an IBM PC 
(b). Although the interfacing schemes are similar in several respects, the address-decoding requirements differ. 
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An input multiplexer can greatly enhance 
the cost effectiveness of a data-acquisition 
system by allowing a single A/D converter 
to serve many input channels. 


temperatures. You must also consider the positioning of Assuming you've implemented all the preceding er- 
heat-generating components and the heat-sinking ef- ror-reduction suggestions, and a properly buffered, 
fects of large pc-board runs. Air currents from fans or filtered, and scaled analog signal is now present in the 
from convection will differentially excite even the most system, you still must get the signal into the system’s 
carefully balanced junctions, thereby causing spurious A/D converter. The task is more difficult than you 
low-frequency noise. Because of the mentioned error might expect. Sample/hold (S/H) amplifiers are often 
sources, it’s good practice to physically (and therefore used to avoid dynamic errors in conversion systems. In 
thermally) isolate a system’s front end. a multichannel system, an S/H amplifier allows the 
High-impedance circuitry suffers from its own set of analog front end to begin settling to the next channel 
error sources. In this case, charge coupled into high during the time one channel is undergoing conversion. 
resistances is the major culprit. Vibrating wires and Even in single-channel systems, an S/H amplifier can 
capacitors exhibit microphonic behavior, which is par- increase a converter’s signal bandwidth, by reducing 
ticularly difficult to track down and eliminate. Because __ the converter’s effective aperture time. 
the vibration varies the spacing of conductors, thereby Because the S/H amplifier acts as an analog storage 
varying their capacitance, the voltage observed be- unit during a conversion cycle, its dynamic output 
tween the conductors varies. Because much of the impedance must be low enough to maintain an accurate 
vibration in electronic systems comes from cooling fans output in the presence of the dynamic load presented by 
whose rotation speeds are synchronized with the ac a successive-approximation A/D converter. An S/H 
line, you could mistake such microphonic-type errors amplifier exhibits a sample-to-hold offset, or pedestal, 
for electromagnetic pickup. Avoid loose connectors and arising from charge transfer from the switch to the hold 
unsecured signal-carrying leads; tying or gluing down capacitor. In some S/H units, the amount of charge 
the offending components can make a big difference in varies with the applied signal voltage, resulting in a 
performance. nonlinearity that can seriously degrade system accura- 


5 DEF SEG = &Hi7aa 210 FOR J = 25 TO 175 STEP 25 
SCREEN i: COLOR 9,1: KEY OFF: CLS 22@ FOR I = 1 TO 32a 
REM INFUT TRIGGERING AND SCALING INFORMATION 23@ PSET (I,J),1 
PRINT" DIGITAL OSCILLOSCOPE" :PRINT 242 NEXT I: NEXT J 
PRINT" INPUT RANGE IS +/-5V, WITH 2. 44mV RESOLUTION" 27@ FOR I = 4@ TO 28@ STEP 40 
PRINT :s:INPUT"SINGLE- OR CONTINUOQUS-SWEEF (s,c)"sE% 28@ FOR J = 1 TO 2aa 
PRINT :INPUT"NORMAL OR AUTOMATIC TRIGGER (n,a)"3D% 292 PSET (I,J),1 
IF D#="a" THEN GOTO Se 3@@ NEXT J: NEXT I 
IF D$="Q" THEN GOTO S52 325 Q = 20@2@/RNG 
PRINT : INPUT" TRIGGER ON FOS OR NEG SLOPE (p,n)"5AS 326 F%= INT(4Q9.6*CTR — RNG/2 +2248. 5) 
PN% = 1 31@ I%= 4@@: Jx= 125 
IF AS="n" THEN PN% 315 REM EXCHANGE MEMORY RANGES AND CALL SUBROUTINE 
‘IF AS="N" THEN PIN% y 320 L%¥= I%: IX= JX: JX= LX 
GOTO 55 34a P=2 
PN%=2 350 CALL P(BX%, 1%, TRVAL%, PN%, DLY%) 
PRINT  :INPUT “INPUT SCREEN’S CENTER VALUE (+/-V)"3;CTR 355 REM SCAN SCREEN ERASING OLD AND DRAWING NEW WAVEFORM 
PRINT :INPUT"“OFFSET TRIGGER PT FROM CTR SCREEN (y,n)";A® 36@ FOR X = @ TO S62 STEP 82 
IF At="y" THEN GOTO 12@@ 372 FOR Y = 2 TO 78 STEP 2 
IF At="Y" THEN GOTO 12a@ 3QQ@ W =2A@@-INT(Q * (PEEK (I%+X+Y) /16+PEEK (JKX+X+YV+1) #16-F%) +. 5) 
OFFSET = @: GOTO 11a 39@ IF INT(W/25)=W/25 THEN GOTO 412 
PRINT : INPUT “OFFSET BY HOW MUCH (+/-mV) ";OFFSET 422 PRESET ((X+Y) /2,W) 
IF (CTRtOFFSET/999. 99) )>) 4.998 THEN GOTO 135 41@ W=2Q@2-INT(Q * (PEEK (CI%+X+Y) /16+PEEK (I14Z+X+Y+1) #16-F%) +. 5) 
TRVAL% = INT(4Q9.6*CTR + OFFSET/2. 4414 +.5) * 16 42@ IF INT(W/25) = W/25 THEN GOTO 4408 
GOTO 142 430 PSET ((X+Y)/2,W),2 
TRVAL% = 32752 ‘ 442 NEXT Y:NEXT X 
PRINT : INPUT"HOW MANY mV/div"sDIV:PRINT 442 REM CONTINUE IF CONTINUOUS SCAN, OTHERWISE PROMPT FOR RE-SCAN 
RNG = INT (3.2768*DIV +.5) 444 IF E#="S" THEN GOTO 462 
INPUT"HOW MANY ms/div (2. ims MINIMUM) "sMS:PRINT 446 IF E#="s" THEN GOTO 462 
IF MS < 2.1 THEN MS = &.1 45@ GOTO 32a 
DLY* = INT(MS/.15@16 ~- 7.4914) 46@ LOCATE 22,1 
BX% = TRVAL% - 1 465 INPUT"AGAIN (y,n)"53T% 
IF PN% = 1 THEN BX% = TRVALX + 1 47@ IF T$="N" THEN END 
REM SPECIFY SCALES AND DRAW GRATICULES 480 IF T$="n" THEN END 
CLS: LOCATE 2,4:PRINT DIV3 "mv" 49% LOCATE 2e,1:PRINT" 
LOCATE 2,30: PRINT MS;"ms" 52@ GOTO 32a 





Fig 6—High-level languages are useful in data acquisition. This Basic routine turns an IBM PC into a digital oscilloscope. The program 
allows you to enter trigger data and time and voltage scales. It also draws the screen’s graticules and displays the scales. The program works 
with the PC’s assembly language, via CALL statements. The oscilloscope system needs only a sample/hold amplifier and an A/D converter as 
hardware. | 
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cy, especially if the S/H = resides at a point 
prior to a gain stage. 

The pedestal effect is prevalent in high-throughput 
systems that require small hold capacitors for quick 
signal acquisition and settling. High throughput also 
requires short sampling periods and long hold times, a 
combination that can produce a memory effect because 
of dielectric absorption in the hold capacitor. An 
untrimmable error results from charge left on the 
capacitor from the previous hold period. Teflon, poly- 
styrene, and MOS capacitors offer the best perform- 
ance; their dielectric-absorption coefficients are on 
the order of 0.02% or less. 


The A/D converter at last 


With the buffering, filtering, scaling, sampling, and 
holding accomplished, the remaining task is to select an 


A/D converter that has the speed, resolution, and — 


accuracy suitable for your application. For the examples 
discussed here, the chosen converter is the AD574A. 
This 12-bit A/D converter offers a 25-wsec conversion 
time and 12-bit linearity, and it comes with a guarantee 
of no missing codes over its full operating-temperature 
range. 

Essentially an analog-input port, the A/D converter 
resides in the PC’s address space just as any other I/O 
port would. It can accept either memory-mapped or 
isolated-I/O modes of access, and it can lie in one or 
more locations, depending on the number of cycles 
needed to read its digital output. Signals generated 
from the decoded address (or addresses), the read/ 
write line (lines), and assorted control signals supply 
the converter’s control inputs. The control inputs signal 
the converter when to begin a conversion and when to 
put its output on the data bus. 

Once the A/D converter completes the conversion 
cycle, it must communicate its digital output to the PC. 
Many converters offer onboard, 3-state output buffers, 
which allow the units to interface directly with the PC’s 
data bus. The output format and logic depend on the 
converter’s resolution relative to the width of the data 
bus. If the bus is wider than the data word, a single 
cycle can read the input “broadside” (ie, all bits at 
once), but if the word is wider than the data bus, 
multiple cycles must read the word in portions. 

The data format becomes a concern if the output 
word’s length is larger than, but not an exact multiple 
of, the width of the data bus. For instance, when the 
AD574A interfaces with an 8-bit system, as in Figs 5a 
and 5b, the system must read the 12-bit output as one 
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PUSH BP 
MOV DX, 0309 
BP, SP 
S1, [BP] +14 
BX, [S1] 
S1, [BP] +12 
D1, [S1] 
START 
BX, AX 
DX, AL 
CX, 7 
WAIT 
S1, [BP] +10 
CX, [S1] 
$1, [BP] +8 


; SAVE BP 

; SET ADC ADDRESS 

; SET BASE PARM LIST 

; GET ADDR OF BX% 

; GET VALUE OF BX% 

; GET ADDR OF 1% 

; GET VALUE OF I% 

; JUMP TO BEGIN 

; SAVE AS LAST CONVERSION 
; START CONVERSION CYCLE 
; SET UP DELAY 

; LOOP TO WAIT FOR ADC 

; GET ADDR OF TRVAL% 

; GET VALUE OF TRVAL% 

; GET ADDR OF PN% 


NOTRIG 
START 


WAIT 


; RETRIEVE CONV RESULT 


; CHANGE TO 2’s COMP 

; AUTO OR NORMAL TRIGGER? 
; IF AUTO, TRIGGER 

; POS OR NEG TRIGGER? 

; JUMP IF NEG, ELSE POS 

; LAST CONV > TRVAL%? 

; IF NOT, TRY AGAIN 

; THIS CONV < TRVAL%? 

; IF NOT, TRY AGAIN 

; ELSE, TRIGGER 

; LAST CONV < TRVAL%? 

; IF NOT, TRY AGAIN 

; THIS CONV > TRVAL%? | 

; IF NOT, TRY AGAIN 

; INITIALIZE MEMORY FLAG 

; CHANGE TO BINARY 

; START CONVERSION CYCLE 
; GET ADDR OF DLY% 

; GET VALUE OF DLY% 

; LOOP TO DELAY FOR ADC 

; STORE LAST CONV RESULT 
; INCREMENT TO NEXT 

; STORAGE ADDRESS 

; INCREMENT MEMORY FLAG 


S1, [BP] +6 


; RETRIEVE CONV RESULT 


; 320 POINTS YET? 

; IF NOT, INPUT NEXT PT 
; RESTORE BP 

; FAR RETURN TO BASIC 





Fig 7—This IBM-PC-based assembly-language subroutine works 
in conjunction with Fig 6’s Basic program. The subroutine accepts 
five arguments, which control triggering and timing data. 


8-bit byte and one 4-bit nibble. One read cycle obtains 
the eight MSBs, and a subsequent cycle obtains the four 
LSBs (with four trailing zeros for the unused bits). 
Data in such a form is said to be left justified. Alterna- 
tively, if the eight LSBs are in one byte and the four 
MSBs are in another, the data is right justified. 


Rely on general-purpose converters 


General-purpose converters usually offer flexible in- 
terfaces and various pin- and software-programmable 
options. For example, the AD574A has a software- 
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Proper attention to grounding, shielding, 


and supply bypassing can improve system 
performance considerably. 


programmable output-word length (eight or 12 bits) 
and a pin-selectable output format (Table 1). If you 
apply a one and a zero to CE and CS, respectively, and 
a zero to R/C, a 12- or 8-bit conversion results, depend- 
ing on the status of Ap. Holding R/C high, however, 
enables the 3-state outputs. 

During the read cycle, 12/8 defines which bits are 
enabled; if this line is high, all 12 bits are read broad- 
side. If 12/8 is low, only the eight MSBs or the four 
LSBs are enabled, depending on the status of Apo. 
Timing diagrams in the AD574A’s data sheet define all 
control inputs and outline certain setup, hold, and 
bus-access times. You must take into account the PC’s 
bus-timing and propagation delays when you specify 
control signals and decoding/logic schemes. 

The interfaces in Figs 5a and 5b satisfy all timing 
requirements for the AD574A and the two indicated 
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personal computers. In Fig 5a, the Apple’s Device 
Select control signal acts as an upper-address decode 
for the particular card slot and limits the number of I/O 
addresses per slot to 16. If none of the other 16 possible 
addresses are used in that slot, you can connect the 
Device Select pin directly to the AD574A’s CS input. 

You can treat the AD574A either in memory-mapped 
mode or as isolated I/O for the IBM PC. In Fig 5b, the 
computer uses its IOR and IOW lines to treat the 
converter as isolated I/O. Isolated-I/O address decod- 
ing and troubleshooting are easy with the IBM PC, 
because the computer uses only the lower 10 address 
lines (Ag to Ap). However, you need AEN to mask out 
DMA cycles that use the same address space. 

You can use any language to execute the read and 


write cycles that control the A/D converter. In Basic, 


you use PEEK and POKE commands if the device is 








Fig 8—You increase the effective signal bandwidth of an A/D converter by using a sample/hold amplifier to freeze signals during 
conversions. In this configuration, the AD585 S/H device drives an AD574A. Note that few external components are required; the two 
potentiometers shown adjust offset and gain errors in the A/D converter. 
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Automated pulse parameter Computing and displaying Editing a Tek 7854 RPN pro- 
analysis using a Tek 4041 frequency domain data ram, including comments, 
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| eohhics Computer as con- archiving to disk. Performed 
troller. Tek software for these with the HP 200 Series Tech- 
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or the Tek 7854 Waveform Pro- Software. Similar facility avail- 
cessing Oscilloscope. able in COMMUTE. 














To commumieate the results of A/D conver- 


_stons to a personal computer, you can use 
both high-level- and assembly-language 
programs. 


TABLE 1—AD574A TRUTH TABLE 


S| Re | 12/8 | Ay | OPERATION 
X X 


NONE 
NONE 


INITIATE 12-BIT CONVERSION 
INITIATE 8-BIT CONVERSION 


ENABLE 12-BIT PARALLEL OUTPUT 


ENABLE 8 MOST SIGNIFICANT BITS 
ENABLE 4 LSBs + 4 TRAILING ZEROS 





memory mapped, while INP and OUT statements apply 
if the converter is operating as isolated I/O. In addition, 
most PCs offer the capability to call machine-language 
subroutines from Basic. The fast execution times of 
assembly-language commands offer the designer high- 
er throughput per channel and a faster number-crunch- 
ing capability. 

By integrating assembly-language routines into 
high-level programs, you can take advantage of both 
the speed of the assembly language and the program- 
ming ease of the high-level languages. For example, the 
program in Fig 6, written in Basic for the IBM PC, 
uses the PC’s graphics capability to configure a digital 
oscilloscope, using the medium-resolution mode on a 
color monitor. The first portion of the program, written 
in Basic, prompts the user to enter the trigger data and 
the time and voltage scales. It then draws the grati- 
cules on the screen and displays the scales. 

The program then calls the Fig 7 assembly-language 
subroutine with five arguments that supply the trig- 
gering and timing data. The subroutine returns with 
320 data points stored in one of two memory ranges. 
The other range contains the previous scan’s points. 
The final portion of the program scans the screen while 
scaling both sets of data points, erasing the previous 
waveform and displaying the new waveform. In the 
single-scan mode, you can request additional scans 
after each sweep. In the continuous-scan mode, howev- 
er, the program proceeds to trigger, acquire, erase, 
and display until you enter Control-Break. 


Scope hardware requirements are minimal 

The only hardware requirements for the digital oscil- 
loscope are an AD574A and an AD585, connected as 
shown in Fig 8. The configuration accepts a +5V input 
(perhaps from a transducer-input front end as de- 
scribed earlier). Because the IBM PC’s 8088 wP reads a 
2-byte word whose most significant byte is at the lower 
address, the IN command in the subroutine requires 
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the inversion of address line Ay in the interface shown in 
Fig 5a. In contrast, an INP statement in Basic is an 
8-bit operation, so you can eliminate the need for the 
inverter by accessing the converter with the MSB at 
the higher address. 

The CALL statement in Fig 6’s line 350 transfers 
control to the subroutine found in segment &H1700, as 
defined in the previous DEF SEG statement. The 
arguments BX%, TRVAL%, and PN%, passed to the 
Fig 7 subroutine, communicate the triggering informa- 
tion, while 1% indicates which of the two ranges of 
memory to use. The final argument, DLY%, controls a 
variable delay between conversions, thereby setting 
the time scale. The subroutine continuously samples 
the input until the triggering conditions are met, and it 
then proceeds to the bottom portion of the program, 
which enters 319 more points and stores all 320 in 
memory. Throughout the subroutine, the stack stores 
the branch pointer (BP), and the intersegment return 
at the end transfers control back to the Basic program. 


Calibrating the system 


All dynamic and static errors introduced by the 
system’s individual components combine to define the 
system’s accuracy. Most often, you can trim the offset 
and gain errors at each component. However, if the 
square root of the sum of the squares of the offset and 
gain errors is small enough, you can effect the entire 
system’s calibration at the A/D converter. You can use 
either a hardware- or software-based trimming ap- 
proach to eliminate errors. 





Fig 9—Trimming an A/D converter’s offset and gain is easy, but 
beware: Trimming potentiometers might not offer enough resolution 
to make up for errors arising in other parts of the system. 
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At last, comprehensive software that solves 
symbolic mathematical computations. 


Inseconds. 


If it is still taking you weeks or 
months to handle rudimentary alge- 
braic problems and extremely com- 
plex analyses, then make it your 


business to find out about MACSYMA™ 


MACSYMA is the most compre- 
hensive approach to symbolic math- 
ematics ever created. Originally 
designed at MIT through research 
in Artificial Intelligence, MACSYMA 
has been continuously developed 
and enhanced since 1969. 


But for all its sophistication, you 
can put MACSYMA to work on com- 
puters ranging from workstations 
to mainframes. Without previous 
programming experience. In 
fact, you can interact with it in an 
almost conversational way while 
you use it to explore problems in 
basic or advanced mathematics that 
you couldn’t begin to approach 
using a pencil, chalk or numerical 
software. This comprehensive pro- 
gram can then generate FORTRAN 
code from derived MACSYMA ex- 
pressions and answers. 


Z) weeks vs. 10 seconds. 


For example, an engineer work- 
ing for a major aerospace company 
was stopped by an integral dealing 
with turbulence and boundary lay- 
ers. Pencil and paper in hand, he had 
been looking at: 


\(k log(x) - 2x° + 3x? + b)* dx 


for more than three weeks. He always 
arrived at a different solution, never 
knowing which was the right one. 


Less than 10 seconds after enter- 
ing the problem into the computer, 
MACSYMA gave him the correct 
answer. Not just numérically, but in 
symbolic terms that gave him real 
insight into the physical nature of 
the problem. 


How long would it take you or your staff to factor this expression? 
Sw2? + 2w’z' — 10w’y’z? + 141xyz? + 
45w?xz2? — 3w’z? + 94wxyz — 2w°z — 


470xy? + 10w’y? + 2115x‘y — 45w2x° 
MACSY MA gives you the answer. In seconds. 


(3Z° + 2wz — 10y? + 45x?) (wz? + 4/xy — w’) 


What MACSYMA can do. 
For you. 

MACSYMA arms you with hun- 
dreds of practical and real-world 
applications. It can: 


® Do algebra, trigonometry 
and calculus 


® Provide standard numerical 
techniques 


¢ Generate FORTRAN output from 
MACSY MA expressions 


¢ Simplify, factor or expand 
expressions 


© Solve equations analytically 
or numerically 


e Expand functions in Taylor or 
Laurent series 


¢ Compute Laplace transforms 
e¢ Manipulate matrices and tensors 
e Plot functions in 2 or 3 dimensions 


© Much, much more 


Throughout the world, thou- 
sands of scientists, engineers and 
mathematicians are using MACSYMA 
in such diversified applications as 
electronics, structural engineering, 
CAD, acoustics, plasma physics, 
antenna theory, VLSI circuit design, 
control theory, numerical analysis, 
fluid mechanics, genetic studies, ship 
hull design, maximum likelihood 
estimation, ballistic missile defense 
systems design, underwater shock 
wave analysis, helicopter blade 





motion studies, and atomic scatter- 
ing cross section analysis. And the 
range of use is expanding every day. 


Easy computer algebra 
starts here. 


MACSYMA is available right 
now from Symbolics,™ the leader in 
Symbolic processing. For a complete 
kit including a full capabilities bro- 
chure, just clip and mail the coupon 
or call (617) 577-7600. 


MACSY MA" 


The most comprehensive 
software approach to 
symbolic mathematical 
computations. 


sympbolics™ 
Your next step in computing.” 


MACSYMA and SYMBOLICS are trademarks of 
Symbolics, Inc. Copyright 1986 Symbolics, Inc. 
eee 


Symbolics, Inc. Dept. M-ED1 
11 Cambridge Center 
Cambridge, MA 02142 


Title 

Company 

Address 

City State Zip 


Telephone Extension 
MACSYMA is available to colleges and 


i universities at special rates. —DN041786 
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General-purpose A/D converters usually 
offer flexible interfaces and various pin- 
and software-programmable options. 


Most often, you trim offset by injecting or draining a 
small amount of current into or from the A/D convert- 
er’s input at the high-impedance summing node. Be- 
cause an A/D converter produces an output that’s 
proportional to the analog input relative to a full-scale 
(reference) voltage, you can trim gain errors by either 
varying the reference voltage or adjusting the gain of a 
preceding stage. Calibration then requires the applica- 
tion of two known analog voltages. The first voltage, 
near zero, trims the offset. You apply this voltage to the 
converter’s input and trim the offset-trim current until 
the converter’s output matches the desired code. You 
then apply the second known voltage, near full scale, 
and adjust the gain until the output matches the 
correct, near-full-scale code. 


Hardware vs software trims 


Hardware-based trimming schemes (Fig 9) have 
traditionally used potentiometers for the offset and 
gain adjustments. However, a trimming potentiometer 


GAIN TRIM 


8-BIT 
D/A CONVERTER 
5V FULL SCALE 


Y4AD7226 


OFFSET TRIM 


8-BIT 
D/A CONVERTER 
5V FULL SCALE 


Y4AD7226 





might not offer sufficient resolution to trim several 
components’ offset and gain errors at a single point in 
the system, because in single-point trimming the trim 
range can become quite large. For instance, a +20% 
offset-trim range in a 12-bit system would span 819 
LSBs. A 10-turn potentiometer would trim 82 LSBs 
per turn, and thus offer 4.4°/LSB resolution. Such fine 
resolution requires precise calibration and risks both 
mechanical instability and the temptation on the part of 
untrained personnel to inadvertently recalibrate th 
system. | 
Instead of using hardware to calibrate the system, 
you can correct gain and offset errors entirely in 
software. To do so, you might need to offset (and 
possibly expand) the A/D converter’s input range to 
accommodate a signal that has worst-case offset and 
gain errors. Begin the trimming algorithm by perform- 
ing a conversion of a known analog voltage near zero 
scale. Because gain errors in the lower portion of the 
transfer function are negligible, the measured input’s 


AD574A 


BIPOLAR 
OFFSET . 


COMPARATOR 


50 





Fig 10—A software-controlled hardware trimming scheme uses D/A converters to trim the A/D converter’s offset and gain errors. 
Depending on the software, you could use such a scheme to perform periodic calibration in a data-acquisition system. The attenuators at the 


outputs of the D/A converters control the resolution of the trim. 
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ANALOG IS ALIVE 
AND WELL IN: 


A _Designer’s Guide to 
- Innovative Linear Circuits 











As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Cireuts. 

This 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 
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You can trim offset-voltage and gain errors 
by using either a hardware or software ap- 
proach; in many systems a combined soft- 
ware-controlled hardware method 1s best. 


deviation from its desired value is stored as the sys- 
tem’s offset. Next, the algorithm performs a conversion 
of a known, near-full-scale analog voltage. This time, 
the software calculates a gain-correction factor, defined 
as the input’s desired value divided by the converted, 
measured value less the previously measured offset. 
The routine trims the digital result from each subse- 
quent conversion by first subtracting the offset and 
then multiplying by the gain-correction factor. 

Clearly, performing these calculations as each con- 
version’s result is retrieved reduces system throughput 
and limits the system’s maximum input frequency. To 
avoid this loss of speed, you can use a trimming 
subroutine or a signal-processing algorithm to trim a 
batch of samples in memory at a later time. Also, if the 
sampling routine is written in assembly language, the 
processor can perform the trimming calculations while 
awaiting the next conversion’s completion. 

In a system using such software-trimming schemes, 
the offset and gain errors limit the converter’s dynamic 
range and as a consequence effectively limit its resolu- 
tion. Assume, for instance, a 0 to 5V signal whose 
worst-case offset and gain errors (in stages prior to the 
converter) are +30%. In the worst case, the input 
signal can range from a minimum of —1.5V to a 
maximum of 8V. The A/D converter would need to use 
a 10V range, offset by —1.5V, to avoid code saturation 
under worst-case conditions. If the system’s gain error 
is —380%, the 0 to 5V signal would then use only 3.5V of 
the converter’s 10V range. So, under worst-case condi- 
tions, only 1434 (85%) of the converter’s 4096 codes 
would span the input range; the converter would there- 
fore offer only 10.5 bits of resolution. 


Hybrid trimming schemes become popular 


D/A converters used in hybrid combinations of soft- 
ware and hardware trimming have recently become 
popular for software-controlled calibration (Fig 10). 
Depending on the trimming range required, an attenua- 
tor at the output of a D/A converter of minimal resolu- 
tion can provide trim resolution of a fraction of the A/D 
converter’s code width. Some sort of iterative compari- 
son algorithm in software can thereby calibrate the A/D 
converter. 

For example, a staircase algorithm might begin by 
setting the offset-trim D/A converter to half scale (with 
a near-zero signal applied to the A/D converter) and 
continue by performing an A/D conversion. Depending 
on the measured output’s digital value relative to the 
desired value, the algorithm would then increment or 
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decrement the code of the offset-trim D/A converter 
and repeat the previous steps. This process would 
continue until the A/D converter’s output matches the 
desired code. The next step is to apply a known, 
near-full-scale voltage to the A/D converter’s input; the 
algorithm would then manipulate the gain-trim D/A 
converter to trim the gain error. 

The beauty of software-trim D/A-converter schemes 
becomes evident when you consider the software-con- 
trolled application of the two known trimming voltages. 
If you apply the voltages through two dedicated multi- 
plexer channels, you could use software routines for 
periodic system calibration. The accuracy of the two 
known voltages is therefore the only factor limiting the 
system’s offset and gain accuracy over time and temp- 
erature. EDN 
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How to beat the high cost 
of cheap meters. 


You get what you pay for. 
So get the Fluke 70 Series. 

You'll get more meter for your money, 
whether you choose the affordable 73, 
the feature-packed 75 or the deluxe 77. 

All of them will give you years of 
performance, long after cheaper meters 
have pegged their fishhook needles for 


© Copyright 1985 John Fluke Mfg. Co., Inc. 


All rights reserved. 
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the last time. 


That's because they're built to last, in- 
Side and out. So they're tough to break. They 
don’t blow fuses all the time. You don't 
even have to replace batteries as often. 

And they're backed by a 3-year warranty. 
Not the usual 1-year. 

Of course, you may only care that the 
world-champion 70 Series combines digital 
and analog displays with more automatic 
features, greater accuracy and easier opera- 
tion than any other meters in their class. 

You may not care that they have a lower 
overall cost of ownership than all the other 
“bargain” meters out there. 

But just in case, now you know. 


For a free brochure or your nearest dis- 
tributor, call toll-free 1-800-227-3800, 


ext. 229. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 





FLUKE 73 


$79* 


Analog/digital display 
Volts, ohms, 10A, diode 
test 

Autorange 

0.7% basic de accuracy 
2000+ hour battery life 
3-year warranty 














Analog/digital display 
Volts, ohms, 10A, mA, 
diode test 


Audible continuity 
Autorange/range hold 
0.5% basic de accuracy 


2000+ hour battery life 
3-year warranty 








FLUKE 77 


$139* 


Analog/digital display 
Volts, ohms, 10A, mA 
diode test 


Audible continuity 
“Touch Hold” function 
Autorange/range hold 
0.3% basic de accuracy 
2000+ hour battery life 
3-year warranty 
Multipurpose holster 


* Suggested U.S. list price, effective November 1, 1985 


** Patent pending. 


FLUKE 





® 








169 












Compared to batteries, 
Maxcap DLC delivers these 
significant cost savings: 


As backup power for. 
CMOS memory circuits 
. the ni-cads and lithiums - 
just don't measure up anymore. 











@ There's only one extra component, 
not three. And Maxcap DLC doesn't need 
a socket. 


Now, circuit designers are turning te 
a new, state-of-the-art energy sourc 


from Sohio Engineered Materials. @ Since Maxcap DLC is nonpolar, it can't 


be reverse connected, so youll have 
fewer assembly errors. And you can use 
wave-soldering. 


The Maxcap™ Double Layer Capacit 


What distinguishes Maxcap DLC 
from its antiquated competitors is tha 
it gives you the energy of a battery, 
the rapid charge-discharge character- 
istics of a capacitor, and something no 
battery can ever promise: 


@ Maxcap DLC requires no toxicity, 
explosion or leakage safeguards. 


What's more, there are no disposal 
problems. 


Virtually unlimited life. Maxcap DLC. The timeless energy 


source. Call or write for complete 
information and technical details. 


So designers working into the 1990s no 
longer have to burden themselves with 


power sources out of the past. And save those batteries. Somewhere, 


At its nominal voltage of 5 V and capac- there's a flashlight that can use them. 
itance values of 0.01 to 1 farad, thimble- 


size Maxcap DLC can be charged and Sohio Engineered Materials Company 


Semiconductor Products Division 


discharged indefinitely without main- made smaller and simplified. You P.O. Box 664 
tenance or replacement. Since there's can also reduce backup circuit and a 
Niagara Falls, NY 14302 
no need for access, equipment can be assembly costs. 
716/278-3954 
Sohio ; 
‘SOHIO! Engineered Materials 
Maxcap DLC shown actual size above. Company 
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Protect 
Your Power 


Inrush current suppressing 
devices specially designed 
for switching power 
supplies. 


UPPERMOST 
Electronic Industries Co., Ltd. 


59, Wen Hua Road, Kaohsiung, Taiwan, R.O.C 
Tel: (07) 201-0175 Fax: (07) 282-0935 
Telex: 71520 YUNLOON 
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@ —40°C TO 95°C STORAGE /OPERATION TEMPERATURE 
@ LOW POWER/HIGH CONTRAST/ WIDE VIEWING 

@ DICHROIC/PHASE CHANGE TYPES 

@ PLASTIC PROTOTYPE/GLASS PRODUCTION/DOT MATRIX 
@ COMMERCIAL/MILITARY STANDARDS 

@ CUSTOM MODULES 

@ 2 TO 4 WEEKS DELIVERY 


POLYTRONIX, INC. 


P. O. BOX 833024, RICHARDSON, TX 75083 
(214) 238-7045 
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Power Your 
Communications. 


Communicate Your Power. 


With TDK Ferrite Cores. 


As telecom technology switches to digital, and 
power supplies switch to switchers, quality and fea- 
tures of ferrite cores take on added importance while 
generating new reasons to talk to the undisputed 
leaders, TDK. 

Next time you're in our neighborhood, come and 
take a look at the world’s largest production of ferrite 
materials. TDK manufactures ferrite cores from the 
raw materials on up, with totally automated produc- 
tion systems. 50 years of experience and a continu- 
ous R & D program are reflected in unique features 
and unsurpassed quality levels. 


For telecom and [li vs. Frequency Characteristics 
power supply appli- 
cations, TDK ferrite 
cores include: 











Initial Permeability (Li) 


® High permeability 


types such as our H5E 
. Freq. (KHz) 
@ Low loss types with 


significantly reduced 
loss factors up into the 
MHz range; 


tand/[Li vs. Frequency Characteristics 


e Extremely low power 
loss and reduced tem- 
perature surge types 
(H7C4); 


Relative Loss Factor (tand/i) 


Freq. (KHz) 
eTDK original cores, Power Loss vs. Temp. 


EEC, EP, LP and PQ 














as well as IEC standard 
core shapes including 
EEC, POT, RM, etc. 





Power Loss (mW/cm?) 


LAT LD kK ® 


TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, 
Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 

TDK CORPORATION Tokyo, Japan. 

MH&W INTERNATIONAL CORP. 14 Leighton Place, Mahwah, New Jersey 
07430 U.S.A. Phone: (201) 891-8800 

MH&W INTERNATIONAL (CANADA) LTD. Phone: (416) 676-9401 
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The figures on the blackhoard came to us _ _ Germanium 
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Id’s largest computers. — ntitoe 
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performance of Germanium diodes © 


with Silicon Schottky, with a Silicon __ : ES. _ 
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See Germanium Power Devices 
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PMI guarantees 12-bit 
settling-time for its AMP-O 
Instrumentation Amplifier 


At all gains. 


15ys settling-time and 15yus 
overload recovery time set 
the stage for high-speed data 
acquisition. On-board guard 
drivers and a 100uA precision 
| current source minimize 
SEBEEEEEE (| components, save board space, 
and increase versatility. 














AMP-05 
Like PMI’s industry standard 
Bananas " AMP-O1, the monolithic 
| AMP-05 provides a high and 
stable common-mode rejection 
of 105dB MIN. over temperature. 
JFET inputs reduce bias currents 
| | 2 to 50pA MAX. (20nA MAX. at 
For more information a §~—=sd125°C), for high impedance 
and PMI's free 1986 ere ee 
data book, circle the | aoe eee 
inquiry number below. a The AMP-05's output is 
- eo guaranteed stable with 2nF 
Precision Monolithics Inc. loads, slews at 5V/us, and has a 


A Bourns Company a 
1500 Space Park Drive a bandwidth product of 120 MHz. 


anta Clara, CA 1-800-843-1515 
95054-3499 or, in California 
(408) 727-9222 1-800-826-9664 
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SPAIN: 01-405 42 13, SWEDEN: 08-768 05 60, TURKEY: 041-30 15 10, YUGOSLAVIA: 041-42 37 46. _ |. ___. The precision solution. 
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From Design to Production 


CASE Technology's new 
VANGUARD™ PCB design system includes 
schematic capture, CADAT logic simula- 
tion, worst case timing verification, and 
PCB layout. Nowhere else in the industry 
can you find as complete a set of pro- 
fessional PCB design tools on the desktop 
for only $15,000. The entire system 
Operates on standard IBM PC/XT/ATS, 
MicroVAX workstations and VAX mini- 
computers. 


CIRCLE NO 203 


The VANGUARD PCB design 
system can be used as a stand-alone, 
interactive PCB design station for sche- 
matic capture, component placement, 
routing and final artwork generation. The 
system allows for interactive 45 degree 
routing, rats nesting capability, pin and 
gate swapping, automatic packaging, 
and on-line netlist consistency checking 
between the schematic and the physical 
board design. It is by far the highest 
performance PCB design system on 
the desktop. 


_ performance leader. If you haven 
what CASE has to offer, then now's 


The CAE Price/Performance Leader | 
With more than 1500 installed 

_ systems, CASE Technology has developed 

_ a solid reputation as the CAE price/ — 


aven't seen 
Cette 
CASE Technology, Inc.,633 Menlo 


Avenue, Menlo Park, CA 94025. Phone: © 
(415) 322-4057; Telex 506513. De 
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C-based programs 


aid analog-circult 


design and analysis 





You can use analog-circuit simulation soft- 


ware that runs on the IBM PC and com- 
patible computers to analyze circuit designs. 
The programs, which augment (rather 
than replace) your circuit-design knowl- 
edge, let you analyze a circutt’s ac and dc 
performance and conduct transient, Fou- 
rier, and Monte Carlo analyses. 





Richard E Kiefer, Consultant 


Using circuit-simulation programs that run on the IBM 
PC and compatible computers, you can evaluate analog- 
circuit designs. Although you'll still need to understand 
thoroughly the principles of analog-circuit design, the 
programs can provide additional information and en- 
hance your confidence that your designs will work. 
These analog-circuit simulation programs let you per- 
form de and ac analysis, transient analysis, Fourier 
analysis, and Monte Carlo (worst-case) analysis. 
Whether you are just starting your design or evaluat- 
ing its implementation, you'll find these PC-based de- 
sign tools useful. | 
Table 1 (pg 188) lists the features and specs of five 
analog-design software tools. The tools have similar 
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capabilities, so a general description suffices to explain 
them all. For each type of analysis, one simulation 
program is described; the description of the analysis, 
however, holds true for all the packages. 

For any type of circuit analysis on a personal comput- 
er, you must enter the design into the PC, run an 
analysis program, and then produce the results of the 
program in a format that you can understand. In most 
cases, you enter a design by creating an ASCII input 
file with a text editor or word processor. Some analysis 
programs include graphics-input capabilities that let 
you draw the circuit on the screen by using graphical 
representations of circuit elements. You then intercon- 
nect these elements with lines that represent wires. 
The program compiles the graphical description into an 
input file for analysis. To use the file in conjunction with 
the analysis program, you must identify it as the 
input file. 

After the analysis program has analyzed your input 
file, you’ll want to create output files and graphs to 
format the results for evaluation. Programs that format 
analysis results are called postprocessing utility pro- 
grams; they can plot 2-dimensional graphs with the 
axes defined in linear or logarithmic steps. If you define 
the X axis to represent time, the postprocessors create 
diagrams that are organized like waveforms on a multi- 
channel scope. By setting different zero points and 
changing the scale of the axes, you can zoom into any 
part of the plot. 


175 











Postprocessing utility programs can plot 
2-D graphs with the axes defined in linear 
or logarithmic steps. 





The first step in evaluating your design is de analysis, 
which checks the overall biasing voltages of the circuit 
to verify that resistor values and input common-mode 
ranges are correct. You can also determine if transis- 
tors in your amplifier stages are becoming saturated, if 
your current sources don’t comply with specified 
ranges, and if your output signals contain nonlinear 
aberrations caused by inadequate drive capability. You 


should check all of these conditions over the product’s 
temperature range. 

For de analysis, consider E/Z CAD’s Circuitpro pro- 
gram. To use it, you create via a text editor or word 
processor an ASCII file that describes your circuit. You 
initiate the analysis by starting the program and sub- 
mitting the ASCII file from text editor to the 
Circuitpro program. In this type of analysis, capacitors 
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Fig 1—The dc response of an op amp (a) over its input-voltage range appears in b. The plot expands in c to show an offset-voltage drift of 30 


mV over 0 to 70°C. 
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Simulation assists in several steps of the analog-design cycle (shaded areas). It performs preliminary calculations, helps analyze 


breadboard and prototype performance, and supports production. 


appear as open circuits, and inductors have zero resis- 
tance. | 

Upon completion, you plot the results using E/Z 
CAD’s Viewplot program. Viewplot can create plots of 
simulation waveforms on your PC’s screen; to create 
hard copies, use the MS-DOS Graphics.com utility (by 
depressing the Shift and Shift-Print keys) to send the 
image to a printer. Through menus, you can scale the X 
and Y axes for either scalar or logarithmic units. To 
create waveform plots that resemble a multichannel- 
oscilloscope display, use the X axis to designate time. 
The program allows you to save the scaling data of your 
plot. Viewplot is a general-purpose plotting program 
that can plot any data as long as the data is in the output 
format of Circuitpro. 


DC-analysis example 


To illustrate the result of Circuitpro’s de analysis, 
consider the 741 op-amp circuit in Fig la. You want to 
examine the output voltage as the input voltage varies 
from —1.2 to +1.2V, stepped in 400 6-mV increments. 
To determine the effect of temperature on the output 
voltage, you can run the 400-step simulation at several 
temperatures. The results of a simulation run at 0, 25, 
and 70°C appear in Fig 1b and Ic, plotted at different 
scales. 

The three waveforms nearly overwrite each other in 
Fig 1b. The amplifier drives from a positive rail of 
approximately +11V to a negative rail of about —11V 
as the input voltage rises from —1.2 to +1.2V. To see 
the effect of temperature on the offset voltage, you 
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need to expand the plot in order to get a closer look at 
the absolute values of the waveforms. 

Fig 1c shows the center of the plot of Fig 1b with the 
units changed from volts to millivolts—in essence ex- 
panding the resolution of the plot in Fig 1b. Viewplot 
allows you to redefine the units along the X and Y axis 
to create this expansion. In the expanded version, the 
voltage for the 0°C plot is roughly 30 mV lower than the 
voltage for the 70°C plot, indicating that the offset 
voltage drifts 830 mV over 0 to 70°C. 


AC analysis ignores nonlinear responses 


The next type of analysis, ac analysis, examines the 
effects of operating frequency on the amplitude and 
phase of voltage signals in your circuit. Programs that 
perform this analysis examine the effect of small ac 
signals that are juxtaposed on a dc operating point. As 
a result, this small-signal analysis ignores nonlinear 
responses that your circuit might exhibit during dc 
analysis. 

You create a description of your circuit in a way 
similar to that used for the de-analysis program. You 
then execute one of the ac-analysis programs such as 
Acire from FB Circuit Products. This program allows 
you to examine any ac node voltage and ac branch 
current and to calculate Thevenin-equivalent input 
resistances for the nodes. You can also modify your 
input file and simulation parameters while you run 
Acire without having to use a text editor, and you can 
save the changes you make. 

Fig 2 shows a bandpass-filter schematic in addition to 
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Fig 2—Acirc, an ac-analysis program, determines the frequency response of a bandpass filter (a); the resulting plots show amplitude (b) and 
phase (c) response. 
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In dc analysis, capacitors appear as open 
circuits, and inductors have zero resistance. 





two plots produced using the Acire program. The filter 
uses stagger tuning to isolate a 600-Hz signal; this type 
of filter is often used in Bell-212A modems to isolate a 
600-Hz carrier frequency. Stagger tuning, which re- 
duces the overall temperature drift of the filter, re- 
quires you to adjust the value of Rs; to pinpoint the 
600-Hz response of the filter (at which point the output 
signal is exactly 180° out of phase with the input signal 
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2.255E +00 I 





at 600 Hz). You use Acire and estimated values of Rg to 
plot the response of the filter and find the best value 
for Rg. 

Figs 2b and 2c show the output of an ac analysis of 
the filter in Fig 2a. Acirc automatically scales the 
outputs and can send them to the PC’s screen, a disk 
file, or a printer. You can plot the values of one or two of 
the nodes in the circuit, and the node’s values can be in 
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AC analysis ignores nonlinear responses 
that could appear during dc analysis. 


either decibels of gain from the input or in volts. For the 
filter in Fig 2a, Fig 2b shows a maximum output-node 
voltage of about 16V. The center frequency lies be- 
tween 596 and 598 Hz. You determine the center 
frequency by noting the discontinuity in the phase 
response (Fig 2c). To ascertain the center frequency 
more accurately, you can resimulate the filter using 
smaller time increments, such as 0.1 Hz, between 596 
and 598 Hz. 


Transient analysis measures slew rate 


Transient analysis (large-scale analysis) can deter- 
mine such parameters as slew rate, rise time (from 
which you determine 3-dB bandwidth), overshoot, and 
settling time, all of which you cannot determine using 
small-signal ac analysis. Transient analysis looks at the 
time-domain response of a circuit to an input waveform: 
usually a step, ramp, or sinusoid. Large input-signal 
Swings induce the nonlinear and reactive behavior of 
the simulated circuit. 

To perform transient analysis using Spectrum Soft- 
ware’s MicrocapII program, you enter the circuit, 
describe the input waveform, set up the parameters of 
the analysis, and then execute the program. MicrocapII 
uses graphical entry, and so you use icons to represent 
such premodeled components as transistors, resistors, 
capacitors, inductors, diodes, current and voltage 
sources, and transformers. As you build your circuit on 
the PC’s screen, the program automatically assigns 
node numbers and displays them on your schematic. 
You save your completed schematic in a file for input to 
the simulator. 


Program calculates transient circuit values 

As an example of MicrocapII at work, consider the 
analysis of a circuit that uses a step waveform. First, 
you respond to the program’s prompt to insert a model 
of a pulse generator at the circuit input. You enter such 
pulse-generator parameters as voltage step, rise time, 
fall time, and period. Then you specify simulation 
parameters, including total simulation time over which 
the program calculates the transient circuit values. You 
also specify the time step between calculations of circuit 
values. The program often calculates nodal voltage 
more frequently than specified by the time step to 
maintain a minimum accuracy of 5%. 

At this time, you can indicate the nodes whose values 
you want the program to display and the initial values 
of conditions of components. Assigning initial compo- 
nent values frees you from having to use additional 
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initializing waveforms. For example, if you want a 
capacitor in your circuit to have a charge on it when the 
analysis begins, you can simply set the value of that 
charge. 


Program generates output waveforms 

As an example of MicrocapII’s capability, consider 
the analysis of a 733-equivalent video amplifier. In Fig 
3a, the amplifier appears with a pulse generator at- 
tached and node numbers assigned. Given the simula- 
tion constraints displayed in Fig 3b, the transient 
response appears as shown in Fig 3c. Values for Vcc 
and Ver are 6 and —6V, respectively, and R; equals 
2k. 

The two graphs in Fig 3c show the response of the 
amplifier to a square pulse. The upper plot shows the 
differential output voltage across the first stage of the 
amplifier—between nodes 2 and 6. Three output wave- 
forms result from three simulations at different tem- 
peratures between 0 and 70°C. The square waveform in 
the upper plot represents the 80-mV input waveform 
from the pulse generator. The waveforms on the lower 
trace show the voltage across Ry. The overshoot and 
undershoot for all waveforms is evident. In addition, 
the rise time of the signal from 10 to 90% of its final 
value is 6 nsec, which corresponds to a 3-dB bandwidth 
of 58 MHz for the amplifier. 


Fourier analysis determines linearity 

The fourth type of analysis—Fourier analysis—de- 
termines the linearity of an analog circuit. In this 
analysis, you apply an arbitrary waveform to the cir- 
cuit’s input and examine the output waveform for 
harmonic and intermodulation distortion. You compare 
the harmonic content of the output with that of the 
input; when the output differs from the input, the 
circuit is distorting the waveform. 

Like its progenitor, Spice, PSpice from MicroSim 
Corp requires an input file that contains a description of 
your circuit and program-analysis commands. The cir- 
cuit description is similar to a Spice input file, and you 
can include special active-component model parameters 
such as the ideal values of the forward and reverse 
betas and junction capacitance. In addition to com- 
mands for controlling the limits of the simulation, you 
can insert plot and print commands into the input file to 
direct PSpice to place output data in an intermediate 
disk file (it’s not generally the final file because you'll 
probably perform postprocessing). 

When the simulation is finished, you can use the 
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Probe postprocessing program to format the output 
data. Alternatively, you can view the results on your 
screen or print them directly. Probe allows you to view 
the data in graphical format, with linear or logarithmic 
units on the axes. You can expand or contract the scale 
of the axes as well. Furthermore, you can plot traces of 
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the values at several nodes in your circuit, adding or 
subtracting traces at will. Because Probe is a general- 
purpose plotting program, you can use it to create plots 
from any database that has the same output format as 
PSpice. 

A 5-MHz sinusoidal input to the broadband differen- 


C VCC 
; ; il 
RL Ri B 
I 
19 
Q1 
18 
400 
6V 








MICRO-CAP II TRANSIENT ANALYSIS OF 733 OPAMP AT 3 TEMPERATURES 
100. oo ‘ai one . Ganenes on cane a or mea 3 i erpatnainaten Selmer attr tec I aE =“ 20. oo 
4 — as ~~ wi = ‘ 
ss 12.00 =- 
M 
’ 6 
M 
4.00 Vv 
-12. 00 
-20. 00 
- 90 
1 1 
Ss 70 26S 
1 
3 8 





20 30 
TIME IN NS 
-6 MV == 15-19 V 


— e2 


(c) 


Fig 3—Transient analysis reveals circuit response to a step or sinusoidal input waveform. For the amplifier in a, the analysis limits in b 
result in the plots shown in c. Overshoot and undershoot are evident, and the 6-nsec rise time indicates a 58-MHz bandwidth. 
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Transient analysis can determine such pa- 
rameters as slew rate, rise time, overshoot, 
and settling time. 


tial amplifier in Fig 4a produces the larger of the two 
sinusoidal waveforms in the Fig 4b Probe plot when run 
through PSpice. The output waveform appears be- 
tween nodes 4 and 5 in the schematic. The irregular 
shape of the output shows the presence of harmonic 
distortion. PSpice calculates the Fourier analysis of the 
waveform and presents the results in a tabular format 
(Fig 4c). The results include the total harmonic distor- 
tion as a percentage of the output waveform plus the 
amplitude and phase of each harmonic component. 

You may also use the PSpice Fourier-analysis capabil- 
ity to construct piecewise-linear or polynomial-shaped 
waveforms from a current or voltage (or combined) 
signal. In this way, you can investigate arbitrary input 
and output waveforms during design. 


Consider components’ tolerances 


The final simulation appropriate to analog-circuit 
design involves assessing variations in performance 
that are caused by the tolerances of the components in 
the circuit. Called Monte Carlo analysis, this simulation 
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Fig 4—A PSpice Fourier analysis of a differential amplifier (a) can be indicated in graphic (b) or tabular (c) form. The tabulation reveals 
2.58% total harmonic distortion. 
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DC COMPONENT = -1.722D-04 
HARMONIC FREQUENCY FOURIER NORMALIZED ‘PHASE NORMALIZED 
NO (HZ) COMPONENT COMPONENT _— (DEG) PHASE (DEG) 
i 5.000D+06 1.533D400 1.000000 87.591 000 
2 000D+07 5.229D-03 003410 121.442 33.851 
3 s00D+07 4.699D-03 (003065 95.086 7.496 
4 000D+07 3.769D-03 (002458 118.711 31.120 
5 -§00D+07  3.267D-03 (002131 131.764 44.173 
é 000D+07  3.817D-03 002489 128.756 41.165 
7 .§00D+07 3.215D-02 020969 -153.941  -241.532 
g 000D+07 3.369D-03 002197 140.577 52.986 
9 §00D+07  2.071D-02 013505 -160.956  -248.547 
TOTAL HARMONIC DISTORTION = 2.578233 PERCENT 


(c) 
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In Fourier analysis, you apply a sinusoidal 
signal to your circuit and observe the out- 
put waveform for distortion. 





indicates whether you can execute your circuit design 
to meet your specifications, given the tolerances in 
components and operating conditions. 

To run Monte Carlo analysis, you enter a circuit 
description as you would for ac simulation. Then you 
enter the tolerances and parasitics of the components 
you'll use to build the circuit. In the ECA2 program 
from Tatum Labs, you have the choice of either a text 
editor or the program’s integral circuit editor. Compo- 
nent tolerances and temperature coefficients are part of 
the component description, but you have to introduce 


(a) 


50 


Vac 
10 MHz 


(b) 


parasitic impedances as additional components. For 
example, you model a capacitor so that it includes the 
inductance of the leads. 


Analyze a Chebyshev filter 


The 10-MHz bandpass filter in Fig 5a exhibits a 
10-MHz center frequency, a passband ripple of 0.1 dB, 
and a 3-dB bandwidth of 400 kHz during ac analysis. To 
analyze this Chebyshev filter, you enter the tolerances 
and parasitic impedances for the components you'll use 
to build the circuit. The capacitors will be silver mica 





Fig 5—Monte Carlo analysis shows mean and standard deviation using several ac-analysis simulations at each frequency. You enter 
components’ tolerances and temperature coefficients for the filter (a) into the program, and you model parasitic impedances into the schematic 
(b). The results of the analysis (ec) show maximum gain at 9.3 MHz for average production instances of the design. 
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-->ac 8.2m 10.2m .1m random 10 
AC Monte Carlo Analysis 








1@ tr@als = 9 ---=+---- max / min -------- ----- mean / std. dev. ----- 
freq probe value dB phase value dB phase 
8. 2M V:4 0.0085808 -41.329 69.189 0.0078564 -42.130 68.083 

0.006574 -43.643 67.412 720.47u 0.828 0.573 
8. 3M V:4 0.011381 ~38 876 67.854 0.010291 -39.795 66.466 
0.0084051 -41.509 65.639 0.0010558 0.930 0.718 
8. 4M V:4 0.015516 -36.185 66.242 0.013813 -37.250 64.453 
0.010946 -39.215 63.403 0.001604 1.058 0.927 
8. 5M V:4 0.021919 -33.184 64.247 0.019133 -34.439 61.856 
0.014584 -36.722 60.453 0.0025509 1.223 1.245 
8. 6M V:4 0.032483 -29.767 61.697 0.027631 -31.275 98.350 
0.020004 -33.978 396.338 0.0043064 1.441 1.758 
8.7M V:4 0.051471 -25.769 58.298 0.042272 -27.629 a0.270 
0.028497 -30.904 590.186 0.0078801 1.743 2.666 
8. 8M V:4 0.089872 -20.928 33.500 0.070275 -23.295 43.270 
0.042725 -27.386 39.872 0.016108 2.178 4.495 
8. OM V:4 0.17854 ~-14.965 46.135 0.1313 -18.005 30.432 
0.068824 -23.245 19.303 0.03753 2.783 8.913 
bee | V:4 0.3443 -9.261 so,010 0.15877 -12.171 -1.439 
0.1227 -18.223 -26.044 0.077761 3.034 20.076 
9.1M V:4 0.39875 -7.986 6.875 0.35766 -9.026 -50.939 
0.24299 -12.288 -80.073 0.051995 1.402 29.088 
+. 20 V:4 0.39462 ~8.076 -43.718 0.37748 -8.494 -94.525 
0.29174 -10.700 -118.960 0.031687 0.808 23.857 
+. on V:4 0.40417 -7.869 -89.703 0.38226 -8.376 -135.151 
0.30958 ~-10.184 -165.665 0.02804 0.687 (A er oe 
9. 4M V:4 0.40323 -7.889 -125.274 0.32596 -9.864 -179.508 
0.24617 -12.175 149.160 0.058109 t.a76 29.067 
7. 00 V:4 0.38734 -8.238 -169.760 0.22181 -13.941 144.853 
0.1416 ~-16.979 125.323 0.079466 2.926 20.670 
9. 6M V:4 0.2562 -11.828 149.122 0.13665 wid. tot. 423.924 
0.090058 -20.910 113.351 0.051356 2.901 11.204 
9.7M V:4 0.15373 -16.265 126.780 0.088801 -21.366 112.688 
0.062937 -24.022 106.536 0.027951 2.456 6.413 
9. 8M V:4 0.1004 -19.965 114.981 0.062806 -24.276 106.035 
0.047086 -26.542 101.931 0.016426 2.077 4.160 
9. 9M V:4 0.071334 -22.934 107.915 0.047431 -26.654 101.642 
0.037015 -28.632 98.664 0.010582 1.796 2.963 
i0 .M V:4 0.053966 -25.358 103.223 9.037578 -28.637 98.508 
0.030197 -30.401 96.214 0.0073325 1.587 2.2432 
10.1M V:4 0.042768 -27.378 99.871 0.030859 -30.322 96.146 
0.025353 -31.919 94.302 0.0053731 1.427 1.794 
10.2M V:4 0.035108 -29 .092 97.349 0.026054 -31.773 94.295 
0.021778 -33.240 92.763 0.0041127 1.302 1.480 


(c) 
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For Monte Carlo analysis, you construct 
several circutts on the computer without 
building any actual hardware. 
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The program also lists the mean and standard 
deviations in the frequency response in the right-hand 
columns in Fig 5c. The program calculates the varia- 
tions over the 10 simulations. At 9.3 MHz, the mean 


Se | value of the circuit’s attenuation is —8.376 dB with a 





devices that exhibit a temperature coefficient of 50 
ppm/°C, a 5% tolerance, and a series lead inductance of 
1 nH. The inductors, built from #6 material wound 
around a T-50-6 iron core, demonstrate a temperature 
coefficient of 35 ppm/°C, a stray parallel capacitance 
measuring 1 pF, and a 10% tolerance. The value of Q for 
the inductors varies from 170 at 4 MHz to 205 at 12 
MHz. The program uses the value of Q to calculate the 
equivalent series resistance Rg of the inductor for each 
analyzed frequency. For frequencies between 4 and 12 
MHz, the program calculates Rs using a straight-line 
interpolation shown in the equation R=2nfL/Q, where f 
is frequency and L is the inductance measured in 
henrys. 

The results of the analysis at each of the sample 
frequencies appears in Fig 5c. The first column on the 
left lists the frequency of the simulation, and the second 
column shows the node sampled. The middle three 
columns show the maximum and minimum gain of the 


circuit as measured at the frequency on the left. To 


determine the effect of variations in component values 
at each frequency, the program randomly selects val- 
ues for the components within the components’ listed 
tolerances and simulates the circuit 10 times. The filter 
has its highest mean gain at 9.3 MHz, which is the 
average center frequency if you use the components 
detailed in the previous paragraph. Minimum and maxi- 
mum values tell you the widest range of responses you 
can expect when you start building the filter. 
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standard deviation of 0.687 dB. Therefore, 68% of the 
filters built with these components will demonstrate an 
attenuation of —8.876+0.687 dB at their 9.3-MHz cen- 
ter frequency. EDN 
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The fast succeed. The slow Multithreaded I/O and, of course, _ with either controller. And any drive. 


succumb. You can't change that, it supports the SCSI Common You can put all of this speed to 

but you can change your system. | Command Set. work for you just as soon as you get 
It starts by adding a faster IfESDIis more your speed, theres our brochure. 

controller. our 10 Mb/s ACB-4520. It’s the For your copy, call 408/946-8600, 
Take our ACB-5585. It’s the first first noninterleaved SCSI to ESDI _—ext.400. 

full SCSI controller for ESMD drives. controller. Which makes it twice Or write Adaptec,580 Cotton- 

And with a data transfer rate of as fast as its closest competitor. wood Drive, Milpitas, CA 95035. 

15 Mb/s, it’s as fast as they come. To complete the set, we offer the The faster the better. 
The ACB-5585 also comes fastest MULTIBUS* to SCSI host ‘eo t 

with features like 1:1 Interleave, adapter: the AHA-1530. It works Q Op ec 


© 1986 Adaptec, Inc. MULTIBUS is a registered trademark of Intel Corp. 
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TABLE 1—FEATURES OF REPRESENTATIVE __ 
ANALOG-CIRCUIT-SIMULATION SOFTWARE PACKAGES 
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SPECTRUM 
SOFTWARE’s 
MICROCAPII 








~MICROSIM | 
CORP’s PSPICE 
v 2.02 AND 
PROBE v 1.0 


FB CIRCUIT 
PRODUCTS’ DCIRC, 
ACIRC, AND TCIRC 







E/Z CADINC’s | 

CIRCUITPRO 

v2.02 AND 
VIEWPLOT v 1.0 



























OPERATOR INPUTS 
CIRCUIT DESCRIPTION 
BATCH DISK FILE 
ONLINE KEYBOARD 
CRT SCHEMATIC 
CIRCUIT CHANGES 
BATCH DISK FILE 
ONLINE KEYBOARD 
CRT SCHEMATIC 
ANALYSIS COMMANDS 
BATCH DISK FILE 
_ KEYBOARD 








ONLINE HELP 
L SOR SUPPORT A\ 
RATOR AVAILABLE 





ARE ACCELE 








APPROXIMATE MAX CIRCUIT SIZE 
NODES, DC ANALYSIS 


Co ee 
NODES, AC ANALYSIS i Oe ee ee ee 


NODES, TRANSIENT ANALYSIS" 100 500 


NETLIST ITEMS : a ee ee 





190 | EDN April 17, 1986 
























cai nishnesocnsiesinictannrseersheeaictnns eanerittetnoinse 


seo iene terete BONE 


cysfall 








Put one 


of our boards 
up against these. 


Put any Hamilton Standard Digital 
Systems VMEbus board up against the 
boards in any other VME system and 
you'll discover the same thing we did 
when the architecture was designed. 
100% compatibility. 

Moreover, 100% flexibility. 

At Hamilton Standard, we offer 
and service a broad, fully compatible 
line, including MPCPU: A multiprocess- 
ing card based on 68010 CPU that oper- 
ates at 10 and 12.5 MHz. VME-IIO: An 
input/output user-configurable board 
with 512K DRAM ead is pire on 
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/ WorkSystem i isa trademark of Tektronix. 


_DEC, VAX, VMS, and MicroVAX are trademarks of Digital 
Equipment Corporation. oo 


Copyright 1985. Allr ghts reserved. 








A aces fully integrated secon 
design system. Running on one of 


_ | the world’s most popular engineering 
| computers. Imagine what you could 


_ | do with a tool like that. 
| Anditsjustone phone call away. 
Than ks to Tektronix. | 
| Weve implemented the entire 
Tektronix WorkSystem”™ family on the 
full spectrum of VAX computers. _ 
To give you complete development _ 
support—from design capture and veri 
fication rough test—all within DECs” 
That S Tektronix, 





The family includes oikeuiens 
for design, simulation and layout of 
standard cells, gate arrays, structured 
custom and full custom Circuits, even 
PC boards. Other WorkSystems support 
test and measurement, and software | 


_ development. 


Every WorkSystem ee Our 
unique Designers Database that lets 


| you partition your design, making 
team engineering a reality. The open 


architecture design of the database 
also allows you to interface any of your 
i 


| existing tools with our W 
-So your prior investmen 


and software are protected. __ 
For all their power, Tektronix Work- 
Systems are surprisingly easy to learn, 


| easy to use. And they're backed by 


the kind of service and support pro- 


| grams that you've come to expec! 


from eke 
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You Should Attend... 


Fall 

National Design 
Engineering Show 
& Conference’ 








Jacob K. Javits 
Convention Center 
New York City 
September 16-18, 1986 








In just one day, you can: 


1. See what’s new in: 


®@ CAD/CAM 

@ Mechanical components 

® Electrical/ electronic components 

@ Plastics, metals and alloys 

M@ Fasteners and adhesives 

B® Power transmission 

18 Fluid power | 

@ Shapes and forms 

™@ Engineering services/equipment 


2. Discover new ideas for improving 
your product designs. 


Not only will you see what’s new, you can discuss 
specific applications with technical experts at each 
exhibit. You'll have a rare opportunity to evaluate 
products through “hands-on” demonstrations and see 
if they satisfy your demanding design needs. 


3, Find new sources of supply. 


Meet over 400 leading original equipment manufac- 
turers and suppliers. Shop and compare — finding 
just one new vendor who can save you time and 
money will make your trip to the Show a day well 
spent. | 


4. Sharpen your design skills. 


Attend the ASME sponsored Conference for sessions, 
tutorials and '4 day short courses. Topics covered 
include: CAD/CAM/CAE, Finite Elements, Value 
Engineering, Expert Systems, Product Liability, CAE 
in Medical Devices and Sports Equipment, Design- 
ing with Plastics, Project Management and more! 


5. Attend two Conference keynote 
sessions FREE. | 


All show visitors are invited to hear Diamond Star 
Motors’ Chairman, G. Glenn Gardner, and CEO 
Yoichi Nakame, discuss this new Chrysler/ Mitsubishi 
joint venture. Then, see what the future holds for 
CAD/CAM/CAE/CIM as Laura Conigliaro, Vice 
President of Prudential Bache Securities provides an 
in-depth analysis of this growing industry. 





6. Visit the CAD/CAM Theatre... 
FREE on the Show floor. 


Relax to large screen video presentations of the latest 
micro CAD and other computer-based systems while 
you take a break from visiting exhibits. Videos will 
run continuously each day of the Show for your view- 
ing convenience. 


7. Your admission to the Show is FREE! 


Simply complete and mail the coupon below for your 
Free Show Admission tickets. When you arrive at 
the Show on September 16-18, 1986, you'll receive a 
Free Show Directory — a handy reference guide to 
all the exhibitors and their products. | 


8. Pick-up your Special Show Bonus! 


All Show visitors will also receive a complimentary 
copy of the “Design Engineering Outlook,” a forecast 
of major design engineering trends, and the effect 
they'll have on labor, supplies, prices, production and 
spending throughout the OEM. ~ | 


9, There are hundreds of reasons to attend... 


Clip and mail the coupon below today for your Free 
Show Admission tickets and discover all the reasons 
why you should attend the Fall National Design 


- Engineering Show & Conference.” po 


; Don’t delay — mail this coupon now 


for free Show admission 
(Save the $15.00 on-site Show registration fee.) 

- Maiito: 

Fall National 

Design Engineering 
Show & Conference™ 


999 Summer Street 
P.O. Box 3833 
Stamford, CT 06905-0833 


O YES, please rush me 


C1 I’m interested in attending the ASME Sponsored Fall National Design 
Engineering Conference. Please send me complete program details. 





free admission Show registration tickets. 
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Wrapped up: 
lh density 


aging. 


Low cost Amphenol® miniature 
ribbon connectors mass terminate, 
shield or filter up to 64 contacts. 


The wide choice of miniature ribbon connectors available from 
Amphenol Products makes it easy for you to secure the right 
input/output connection for telecommunication, computer, 
business and test equipment. 

When durability and EMI/RFI shielding are required choose 
steel shelled 57 Series Micro Ribbon® connectors for solder 
termination, or 157 Series Micro-Pierce® connectors for 
solderless IDC termination. 

To meet tough EMI/RFI requirements like FCC Docket 
20780, choose Amphenol FCC Micro Ribbon filter connectors. 
With chip capacitors that shunt EMI/RFI noise to ground and 
remove it from the signal, these connectors save up to half the 
cost of competitive models. 

When economy and easy assembly are prime considera- 
tions, low cost Amphenol plastic body connectors are your 
logical choice. 

Our new 50 contact, running cable IDC connector, for 
example, features an all plastic body and hood plus a snap-in 
latching mechanism that secures without screws. 

Other models combine plastic with metal front shell con- 
struction for economy and shielding capabilities. 

All feature time-proven flexing action contacts with selective 
gold plating for easy mating and reliable electrical continuity. 

For more information, contact your nearest Amphenol 
Products sales office. 


Amphenol Products world headquarters: 
Lisle, IL60532—USA—Telex: 190-215 


CANADA: Montreal, (514) 482-5520 @ Ottawa, (613) 226-2727 @ Toronto, 
(416) 291-4401 @ Vancouver, (604) 278-7636 


EUROPE: Austria—Vienna, (0222) 925166. @ England—Whitstable, 
(0227) 264411. @ France—Paris, (01) 5888682. ¢ W. Germany—Heilbronn, 
(07131) 4861. © Italy—Arese, (02) 9385161. ¢ Netherlands—ljsselstein, 
(03408) 87844 e Sweden—Upplands Vaesby, (0760) 88035. 


FAR EAST: Hong Kong—Kowloon, (3) 681283. @ India—Poona, 83363. 
@ Japan— Tokyo, (03) 379-2111. 
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It’s only the blink of an 
eye. Not even that. 

But an awful lot can 
happen in the blink of an 
eye these days. 

And to get that crucial 
edge is very easy. Just see 
to it that the military grade 
microprocessor you design 





in has complete hardware 
support for multitasking 
built right into the chip. 

Ours does. So it’s lots 
faster than trying to do task 
switching in software. 

978 microseconds faster, 
to be exact. 

Which means you can 
complete a full task switch 
in 22 microseconds flat 
(at 8 MHz). Instead of the 
millisecond it can take 
with a software solution. 

98 percent more 
time for your sys- 
tem to respond. 
Giving you the 
advantage you 
need in an 
increasingly 
demanding tacti- 
cal environment. 

And because our M80286 
chip is based on Intel's 
high-performance M8086 
microprocessor architec- 
ture, you are assured of the 
most powerful and easily 
upgradable engine avail- 
able for military designs. 

Included in the CPU is a 
memory management unit 
that equips the M80286 
with hardware support for 
virtual memory and soft- 
ware protection. Making it 
ideal for military applica- 
tions that require process- 
ing of massive amounts 
of information. 

Performance is enhanced 
by exclusive pipelining 
features that eliminate 
delays in execution time. 
So the M80286 can do more 
instructions per clock than 


©1986 Intel Corporation 


Traditional Technique 





any other CPU. 

System throughput can 
be further increased with 
our broad base of periph- 
eral products. Such as our 
80287 coprocessor and 
82720 graphics controller. 
These chips are specifically 
designed to offload the 
numerics and graphics 
functions from the CPU. 

In addition, the M80286 
is optimized for higher level 
languages such as ADA. 


ACHIEVING PERFORMANCE MEMORY MANAGEMENT 


M80286 Technique 


M80286 Memory 


M80286 integrated Context Switch, memory management and protec- 
tion offers a fast, consistent, and highly portable multitasking solution. 


With ADA 286, designers 
can get greater systems 
flexibility and maximum 
performance. 

And tomorrow? As your 
military system require- 
ments grow, an upgrade 
path based on the same 
high performance architec- 
ture of our M80286 will be 
available with our 32-bit 
M80386 microprocessor. 

For further information, 
call toll-free (800) 548- 
4725. Or write Intel Corpo- 
ration, Lit. Dept. W281, 
3065 Bowers Ave., Santa 
Clara, CA 95051. 

We'll get back to you. 
Faster than you can blink 
an eye. 


intel 
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EPLD macrocells 
and feedback signals 











The AND arrays, programmable macro- 
cells, and feedback paths of an erasable pro- 
grammable-logic device augment your abil- 
ity to design general-purpose logic circutts. 
Designs based on the device can perform 
their functions with fewer components than 
corresponding discrete-IC implementations. 





Don Faria, Altera Corp 


New erasable programmable-logic devices (EPLDs) 
contain several design features that now let you imple- 
ment sequential circuits in addition to combinatorial 
circuits. Among these features are AND arrays for 
combinatorial logic, programmable output cells for flip- 
flops and drivers, and feedback paths. The program- 
mable feedback and output features enhance the basic 
product-term array common to many PLDs, allowing 
the EPLD to implement such noncombinatorial circuits 
as counters and state machines. An implementation of 
an EPLD as a motor controller illustrates the use of 
EPLD features. 

Of course, before you decide that your design is a 
suitable candidate for an EPLD, you must determine 
whether a sufficiently large EPLD exists to support 
your design. EPLDs come in many sizes, varying in the 
number of inputs, outputs, product terms, and macro- 
cells available. You first compare your I/O, flip-flop, and 
clock-frequency requirements with the specifications of 


200 


ease circuit design 


available devices. If you find an EPLD that looks 
promising, you then attempt to complete the design 
using PLD-design software. This software attempts to 
compile your design into EPLD code. When you have 
corrected any design errors identified by the compiler, 
the EPLD can implement your design. Design compila- 
tion takes minutes, so you can attempt several itera- 
tions of your design in pursuit of a fit to a particular 
EPLD. 

EPLD circuitry consists of macrocells that contain an 
AND/OR array, output and feedback selection, and 
interconnecting signals. The AND/OR array consists of 
input signals that form product terms (AND gates) 
connected to an OR gate. An EPLD designer creates 
the pattern in each macrocell that realizes the desired 
logic function. The designer switches an interconnect- 
ing transistor by applying a charge to the transistor’s 
floating gate, and this action controls the connection 
between an input signal and a product term. Typical 
EPLDs have 18 to 64 inputs and 74 to 480 product 
terms. 

EPLD 1/Ocircuitry contains a flip-flop, feedback, and 
output-selection circuitry. You program outputs from 
the logic array so that they connect to the macrocell I/O 
architecture. The macrocell I/O can store the values of 
the logic array and also drive the value back into the 
logic array via feedback circuitry. You can also program 
the macrocells to drive values to output pins via output 
circuits. 

The motor-positioning circuit shown in Fig 1 illus- 
trates how a logic design can employ the macrocell 
circuits of an EPLD. The motor controller is called an 
X-Y positioner because, in a 2-D plane of motion, it 
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Fig 1—An EPLD implementation of a motor-positioning circuit illustrates the use of many features of the EPLD. The circuit compares 
desired stepper-motor coordinates with actual coordinates and generates the appropriate signals to drive the motors to the desired coordinates. 
The EPLD’s logic plane, feedback features, and output selection can implement all of the circuitry of the positioner on one chip. 
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The feedback macrocell features enhance the 
basic logic array to implement such non- 
combinatorial circuits as counters and state 
machines. 





DIVIDE BY 2 





2:1 MULTIPLEXER 


Fig 2—The macrocells’ input and feedback options, exploited in this clock circuit, allow you to connect an input directly to a macrocell and 
to feed back a macrocell output to the EPLD’s logic array. This figure shows the Y-axis clock circuit; the X-axis clock circuit is identical. 
TT 


controls one motor on the X axis and one on the Y axis. 
The positioner accepts inputs, from a wP, that describe 
the desired X and Y coordinates, and it also determines 
the necessary action of the motors. It then drives 
control signals to two 4-phase stepper motors to 
achieve the new position. In addition, the positioner 
requires a 500-Hz clock input and a reset signal to 
indicate the initial “0,0” position. 
_ The positioner circuit in this example is an Altera 
EP1800 EPLD (see box, “Programmable macrocells 
yield flexible EPLDs”). The positioner drives the two 
stepper motors through ULN2001 high-current driv- 
ers. The drivers convert the controller’s TTL-level 
outputs to the drive signals required for the motor 
control. The stepper motors, Airpax K82701P2s, step 
in 7.5° increments. To implement full and half steps, the 
controller must designate 96 distinct motor positions 
for each axis. To distinguish 96 positions, the minimum 
number of control bits for the X and the Y axes is seven 
(2'=128). | 

In addition to motor-control signals, the controller 
furnishes two outputs, DONEX and DONEY, that 
indicate when the positioner has driven the motors to 
the desired X and Y coordinates, respectively. When 
this action is complete, the interrupt output (IRQ) 
sends signals to the system controlling the positioner. 
The positioner is then ready to accept the next set of 
desired coordinates. 

Within the controller, two identical logic circuits keep 
track of the positioner’s actual coordinates, compare 
the actual and desired coordinates, and translate the 
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required movement into the appropriate 4-phase step- 
per-motor signals. A clock circuit supplies a 500-Hz 
clock signal for full-step movement and a 250-Hz clock 
signal for half-step movement. 

Fig 2 shows the Y-axis clock circuitry in the position 
controller (the X-axis clock circuit is identical). The 
circuitry consists of divide-by-2 logic and a 2:1 multi- 
plexer. The clock signals drive the flip-flops in the 
controller’s up/down counter. In half-step mode, the 
250-Hz clock signal slows the change of position re- 
flected in the counter compared with the rate of change 
dictated by the 500-Hz clock. At any given time, the 
multiplexer routes one of the two clock signals to the 
counter, depending on whether the controller is in 
half-step or full-step mode. — 


Macrocells make versatile clock circuit 


The clock circuitry exploits two features of the 
EPLD’s macrocells: Inputs to macrocells can be chip 
inputs or internal feedback paths, and the macrocells 
can drive signals back into the logic plane. (The solidly 
lined boxes in Fig 2 show EPLD macrocells.) The clock 
input comes straight into the divide-by-2 circuit’s 
macrocell through the logic plane. Alternatively, you 
could connect the signal with other signals via an AND 
gate to create a composite clock. The circuit routes the 
output of the divide-by-2 flip-flop back into the logic 
plane to form one of the clock inputs (CLK/2) to the 
multiplexer. The output also feeds back through an 
inverter to the D input of the flip-flop. | 

The multiplexer logic, unlike the divide-by-2 logic, 

Text continued on pg 207 
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Fig 3—Using the logic arrays in the macrocells, the positioner’s up/down counters store the present position of the stepper motor. When the 
comparator drives the motor to a new position, it updates the counter by asserting the count-up or count-down signals. 
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Fig A—Buses, macrocells, and 1/0 control logic combine to form the EP1800 architecture. All inputs travel to all macrocells through 
the global bus; macrocells contain logic arrays and storage elements. Feedback within quadrants occurs via the local bus and global 
bus. Feedback and output circuits reside in the I/O-architecture control logic. : 
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Programmable macrocells yield flexible EPLDs 


The EP1800 EPLD comprises a 
logic array and programmable 
macrocells. It contains circuitry 
that’s equivalent to approximate- 
ly 2100 2-input gates, a degree 
of complexity normally associ- 
ated with gate arrays. In addi- 
tion to having an order of mag- 
nitude more logic than 
traditional 20- and 24-pin fuse 
programmable bipolar PLDs, 
the EP1800 includes program- 
mable features that make it 
more flexible than the bipolar 
PLDs for implementing general- 
purpose logic circuits: . 

e@ Transition-sensitive input 
circuits allow the internal 
circuitry of the device to 
remain in a quiescent mode 
when the inputs aren’t 
changing. The quiescent 
mode consumes less power 
than circuits that are con- 
tinuously in an on state. 

@ You can program each of 
the EP1800’s 48 macrocells 
to operate as a D, J-K, set- 
reset, or T flip-flop. 

@ You can program the 
macrocells to implement a 
variety of feedback paths. 
Sixteen of the macrocells 
can implement two feed- 
back paths, providing both 
a flip-flop and a connection 
to an input pin. 

@ You can program the chip’s 
four clock circuits for syn- 
chronous or asynchronous 
operation. 

@ Some macrocells provide 
feedback paths to nearby 
macrocells, and some 
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Fig B—A 68-pin J-lead carrier with a window (left) allows you to erase the EP 1800 
under an ultraviolet lamp. A less-expensive carrier without a window (right) is 
available for production volumes. 


macrocells provide feed- 
back to all macrocells. The 
global feedback helps to 
minimize the propagation 
delay required when one 
signal must drive all of the 
macrocells. 

The diagram of the chip’s ar- 
chitecture (Fig A) shows the in- 
terconnections of the device’s 
circuitry. A global bus connects 
the input signals and global 
feedback lines to four macrocell 
quadrants. Each quadrant con- 
tains 12 macrocells, a local bus, 
and I/O-architecture control 
logic. The local bus connects sig- 
nals from the macrocells to es- 
tablish feedback lines within 
each quadrant. I/O architecture 


can create combinatorial logic or 
one of four types of flip-flops for 
output circuitry. 

The EP1800’s 68-pin J-lead 
carrier incorporates a window 
for ultraviolet light erasure (Fig 
B). The EPLD in this package 
costs $90. You can order one- 
time-programmable devices in 
plastic, windowless packages for 
$42 each. Both prices are for 
100-piece quantities. Production 
volumes will be available in the 
third quarter of 1986. 
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Fig 4—When actual and desired motor positions are unequal, the magnitude comparators generate a CW or CCW signal to actuate the 
motor-control state machine. The half-step signal (HS) indicates that the five MSBs are equal; DONEY indicates that all bits are equal (ie, the 
motor is at the desired position). 
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uses the combinatorial nature of the logic array. All of 
the logic between the multiplexer’s clock inputs and the 
OR gate’s output maps onto the logic array. Because 
both true and inverted versions of all inputs are avail- 
able, Boolean logic guarantees that all combinatorial 
topic can be reduced to two levels of gates, allowing you 
to implement the logic in sums of products in the logic 
plane. The A+Plus support software does this logic 
reduction automatically. The multiplexer macrocell, 
unlike the macrocell in the divide-by-2 logic, serves 
only to select either the CLK or the CLK/2 signal for 
the CLKY output. 


Counter uses feedback capability 


The positioner’s up/down counter keeps track of the 
actual position of the motors with respect to the desired 
position (Fig 3 shows the counter for the Y axis). Like 
the multiplexer, the counter makes use of the EPLD’s 
logic array. The counter begins at zero and counts up or 
down, depending on whether the count-up or count- 
down input is valid. Remember that the positioner’ S 
clock signal toggles only when the desired position is 
not the same as the actual position. Also, the data-valid 
input for Y-axis positioning, DVALIDY, enables the 
first flip-flop in the counter only when new data is valid 
at the Y-data input. 

When DVALIDY goes high, the counter begins to 
count. The flip-flop at the top of the figure toggles and 
supplies both the LSB of the position and a signal that 
enables the rest of the counter’s stages. The count-up 
and count-down inputs control these stages as well, 
designating which flip-flop in the counter will toggle 
next. As is the case with the multiplexer, the EPLD’s 
logic array implements the combinatorial logic. Al- 
though the last stage contains the most inputs to an 
AND gate—eight—of any stage in this counter, the 
EPLD can implement more than 10 times that number 
of inputs to one AND term. 

The reset signal in the counter presents an applica- 
tion of the dual-feedback capability of the EPLD. In the 
counter circuit, the reset signal connects to all of the 
flip-flops. The macrocell distributes the reset signal 
internally to all the flip-flops. In addition, within the 
macrocell, one of the counter’s flip-flops feeds its Q 
output back into the logic array. Thus, a single macro- 
cell is used for internal logic functions (counter-stage) 
and also for a dedicated input function (reset). 

_ The positioner’s magnitude comparators compare the 
desired motor position with the actual motor position 
(Fig 4 shows.the Y-axis comparator). When the desired 
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A design for a motor-positioning circuit il- 
lustrates how your logic desygn can exploit 
the logic and I/O circuits of an EPLD. 


COLLECTOR 
OUTPUT 





Fig 5—Any macrocell can implement an open-collector output, 
allowing direct connection to a controller. The connection is typically 
a microprocessor interrupt-request line. 


position of the Y-axis motor (designated as inputs D,Y 
through D;Y), for example, is different from the actual 
position recorded in the up/down counter (Q,Y through 
Q;Y), the comparator generates signals that indicate 
the required motor movement: Y=CW for clockwise 
movement, Y=CCW for counterclockwise rotation, 
Y=HS for half-step rotation, and DONEY, of course, 
to indicate that the rotation is done and the actual and 
desired positions are the same. 

The XOR gates in the comparator compare all of the 
bits from the desired and actual position inputs in order 
from the MSBs (D:Y and Q;Y) to the LSBs (D,Y and 
Q.Y). If, for example, all bits but the LSBs are equal, 
the XOR gates in each stage ripple an enable signal 
through to the last stage, enabling comparison of the 


LSBs. The difference between the actual and desired 


LSBs forces the positioner to generate one more signal. 
Once all bits are equal, the comparator generates the 
DONEY signal. 

The circuit also compares the relative magnitude of 


the desired and actual positions. Thus, to move the 
motor toward higher desired values, the comparator 
circuit generates a CW signal. If the desired position 
has a lower value than the actual position, the compara- 
tor generates a CCW signal. As you can see from Fig 4, 
the logic that determines whether the comparator will 
generate a CW or a CCW signal begins with the 
connection of the desired MSB (D;Y) and the comple- 
ment of the actual MSB (Q;Y). | 
The comparator also generates a half-step signal 
(HS) that slows the rotation of the motors as they near 
their desired positions. The signal goes high when the 
five MSBs are the same. HS connects to the clock 
multiplexer and allows the half-step clock signal, in- 
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POWER UP 


(a) 


(b) 
STEPPER MOTOR CONTROLLER 
PART: EP1800 
INPUTS: CW % CLOCKWISE ROTATION ENABLE % 
CCW % COUNTER CLOCKWISE ROTATION ENABLE % 
HS  % ROTATE 3.75 DEGREE STEPS % 
CLKY % CLOCK % 
OUTPUTS: PH1Y PH2Y PH3Y PH4Y % MOTOR WINDINGS % 
MACHINE: STEPPER MOTOR CONTROLLER 
CLOCK: CLKY 


STATES: PH1Y PH2Y PH3Y PH4Y 


PU O 0 0 0 
S1 1 0 1 0 
S2 1 0 0 0 
S31 0 0 1 
S4 0 0 0 1 
S5 60 1 0 1 
sé 0 1 0 0 
S7 0 1 1 0 
S8 0 0 1 0 


Fig 6—A state diagram (a) describes the motor-control logic, and EPLD-design software A+ Plus automatically converts the state-diagram 
description (b) into appropriate programming to implement the logic in the EPLD. The logic. converts the outputs of the comparator ( Y=CW, 
Y=CCW, and Y=HS) into the control signals that drive the stepper motor. 


208 





% FOLLOWING ARE STATE TRANSITIONS DEFINITIONS. 
IN ALL CASES AN ELSE HOLD IS IMPLICIT. % 


PU: 
SI 


Si 
IF CW*/HS THEN S3 
IF CW*HS THEN S2 
IF CCW*/HS THEN S7 
IF CCW*HS THEN S8 


S2: 
IF CW THEN S3 
IF CCW THEN S1 


S3: 
IF CW*/HS_ THEN S5 
IF CW*HS THEN S4 
IF CCW*/HS THEN S1 
IF CCW*HS THEN S2 


S4: 
IF CW*/HS THEN S5 
IF CW*HS THEN S3 


$5: 
IF CW*/HS THEN S7 
IF CW*HS THEN S6 
IF CCW*/HS THEN S3 
IF CCW*HS THEN S4 


S6: 
IF CW THEN S7 
IF CCW THEN S5 


S7: 
IF CW*/HS_ THEN S1 
IF CW*HS THEN S8 
IF CCW*/HS THEN S5 
IF CCW*HS THEN S6 


S8: 


IE CW THEN S1 
IE CCW THEN S7 


END$ 
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Fig 7—A pinout drawing of the completed design is one output of 
the EPLD design software, A+Plus. Once you’ve completed your 
logic design, the software automatically assigns signals to pins and 
creates a hard-copy report on chip utilization. 


stead of the system clock signal, to pass through the 
multiplexer. 

An AND gate generates an interrupt signal (IRQ in 
Fig 5) when the DONEX and DONE Y signals from the 
positioner’s two comparators are both high. The IRQ 
logic is unremarkable except that, because it connects 
directly to a microprocessor or controller, it’s the only 
positioner signal that requires an open-collector output. 
Therefore, the macrocell that drives the IRQ signal off 
chip implements a grounded driver to provide the 
open-collector output. 


State machine describes motor control 


The final part of the positioner’s circuitry translates 
the outputs of the comparator—CW, CCW, and HS— 
into the control signals that are required to drive the 
stepper motor. Control of the stepper motor is highly 
sequential: The motor has clearly defined operational 
states that the positioner must control in order to 
rotate the motor to the desired position. You can 
describe these sequential circuits as a state machine 
that accepts the comparator outputs and generates the 
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The clock input comes straight into a 
macrocell through the logic plane. You 


could also connect the signal with other 
signals via an AND gate. 


four phase signals that control the stepper motor. The 
state-machine design can be an easier approach to 
designing sequential circuits than trying to create a 
logic diagram. 

The positioner’s state machine (Fig 6a) contains all of 
the states and transitions possible for the stepper 
motors (as defined in the motor’s specifications). You 
can follow the operation of the motors by starting in any 
state and tracing the next state depending on the inputs 
from the comparator. For example, the positioner 
initializes to the first state (S1), and it can then go to 
one of five possible states, depending on the values of 
CW, CCW, and HS. Each state represents a specific 
combination of the outputs (PH:Y through PH,Y and 
PH,X through PH,X). Available personal-computer- 
based software, A+Plus, accepts this state-machine 
description (Fig 6b) and converts it into the appropri- 
ate programming code to implement the state machine 
on the EPLD. 

Once you’ve entered the entire design (as logic sche- 
matics and a state machine), the design software cre- 
ates an output that automatically assigns pins and 
produces a hard copy of the device’s pinouts (Fig 7). 
The software also produces a report that describes the 
utilization of the chip’s resources. The positioner exam- 
ple uses 47 of the chip’s 48 macrocells, a relatively good 
utilization of the chip. Also, your savings in board real 
estate are significant: A discrete-IC implementation of 
this stepper-motor controller would contain six MSI 
functions—the counters, comparators, and multiplex- 
ers—and dozens of SSI devices that the EPLD imple- 
mentation does not require. EDN 
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CART/PPG World Champion Al Unser and his Pennzoil Z-7/Penske Racing March 85C. Photo by Doug Peacock. 
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Helped Us Design The Brakes On Our Emulator 


Beware The Brakes of March 


Al Unser’s winning March 85C is an incredible piece of racing . 


machinery that’s as fast as the wind. But to repetitively slow 
the yellow bullet from speeds over 200 mph requires the 
presence of a supreme braking system. One that’s infinitely 
adjustable by the user, easy to maintain and utterly dependable. 
Fortunately, racecars don’t have a lock on superior design 
parameters, so we at ZAX duplicated the same ideas when 
we engineered the breakpoint system of our ICD-series 
in-circuit emulators. 


Breakpoints: Making an 
Emulator Stop as Well as It Goes 


Most emulators are fine at executing 
prototype software programs and testing 
hardware—until a bug rears its head. 
Then it gets tough. But a flexible break- 
point system can help eliminate the time 
and tedium involved in tracking down the 
deepest bugs. The problem is, most 
emulator’s breakpoint mechanisms just 
don't grab you. But ours are different. 





‘Simplicity to start fast, 
Power to finish first’’ 


ZAX Emulators: The Definition of a Flexible 
Breakpoint System 


Each of our |CD-series emulators feature a breakpoint system 
that lets you run your prototype in real time and then stop on 
a variety of parameters to pinpoint the trouble fast. You can 
specify to break on a single address or address range, data 
or memory type; in sequential priority; on the Nth occurrence; 
when accessing a non-memory area; when writing to a read- 
only area; when an interrupt occurs; on different wait-states; 
and from sensing an external trigger. 
Four hardware and eight software break- 
points can be named, and an unlimited 
number of breakpoints can be assem- 
bled into the user program as well. Now 
that’s flexibility! 


For information on other ZAX emulator 
features and news about our entire 
~té. product line, call us at ZAX Corpora- 
tion, 800-421-0982, 714-474-1170 in 
California. Or write: ZAX Corporation, 
2572 White Road, Irvine, CA 92714. 
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IMPACT PROMs deliver 25-ns 
speed at industry-standard power. | 


New Series 3 IMPACT ™ PROMs from 


Texas Instruments make 16K-memory 
performance upgrades quick and easy. 
If speed is your most critical parameter 
in a high-complexity PROM, you can 
achieve it now without paying a power 
penalty. Just design in T1’s new 25-ns, 
175-mA IMPACT PROMs: The 
TBP38S165-25 (2K x 8) or the 
TBP34S162-25 (4K x 4). 

Or use the world’s fastest 16K regis- 
tered PROMs. TI's TBP34R165-18 
(2K x 8), with a minimum address-to- 
clock setup time (t,,) of only 18 ns, is 
nearly 2% times faster than the closest 
competitor. And the TBP34R162-30 
(t,, =30 ns) is the only 4K x 4 regis- 
tered PROM on the market. 


Standard speed 
at 43% less power 


You can also cut power without sacrific- 


ing speed, using Tl’s new TBP38L165-35 
IMPACT PROM. It is pin-for-pin 
compatible with existing 2K x 8 PROMs 
and operates at the same 35-ns speed, 
but instead of 175 mA, it draws only 

100 mA. TI’s broad family of Series 3 
IMPACT PROMs also includes 256-bit, 
1K and 2K devices. 


Reliability built in 

IMPACT PROMS are designed by TI] 
for exceptional reliability. Current den- 
sities, metal spacing, and contact sizes 
are all conservatively designed. Electro- 
static-discharge tolerance up to 4,000 V 


is designed in. During programming, 
Tl-developed titanium-tungsten fuse 
links insulate themselves with titanium- 
oxide caps. Electromigration is elimi- 
nated by copper-doped aluminum in 

the first-level interconnection. And you 
can program any of Tl’s new Series 3 
PROMs on widely available commercial 
equipment, using TI's standard Series 3 
programming algorithm. 





hift 32 positions in less 
than 29 nanoseconds. 





Now TI's 2-um IMPACT technology 
also brings you high-speed “flash-shift” 
operations — with the new 74AS8838 
32-bit barrel shifter. Shifting as many as 
32 positions in a single 29-ns instruc- 
tion cycle, it can dramatically increase 
throughput in such applications as 
graphics systems, wide-word CPUs, and 


array processors. At an energy cost of 


less than 1.5 W, you get higher speed 
with lower power, in a single 84-pin 
ceramic pin-grid-array package. 

You can program the 74AS8838 for 
logical, circular, or arithmetic shifts. Its 
two 3-state, 16-bit outputs give it the 
versatility to be configured as a 32-bit- 
in, 32-bit-out barrel shifter, as a 16-bit 
funnel shifter, or as a 16-bit shifting 
transceiver. And it can drive buses di- 
rectly with 24-mA low-level output — 
with no additional circuitry. 


The 74AS8838 barrel shifter, first 





Bracketing the speed/power spectrum, TI's IMPACT PROMs cut power requirements from 
180 to 100 mA for “standard” 35- to 45-ns access time. Or at 180 mA, they can give you 
25-ns speed. 





device in TI's 74AS88XX 32-bit pro- 
cessor chip set, is available today 
through your local authorized Texas 
Instruments distributor. 





MPACT technology 
doubles speed of new 


PAL ICs. 





Four new exclusive-OR programmable- 
array logic (PAL®) ICs from TI feature 
the highest speed available today. Their 
20-ns propagation delay at 180 mA 
makes them twice as fast as any com- 
parable devices. 


These devices — TIBPAL20L10-20, 
TIBPAL20X4-20, TIBPAL20X8-20, 
and TIBPAL20X10-20 — are designed 


primarily for counter-intensive applica- 
tions. The exclusive-OR feature suits 
them ideally to digital voice applica- 
tions and video-screen information cor- 
rection. They can also be useful in 
memory addressing and mapping. 





rogrammable logic 
sequencer is 250% 


faster because of IMPACT 


processing. 





Still another new product in TT's grow- 
ing line of high-speed programmable 
logic devices is the TIB82S105B. At 
50 MHz, it is 2% times as fast as func- 
tionally equivalent 16 x 48 x 4 field- 
programmable logic sequencers — at 
the same 180-mA power. Unlike them, 
however, it maintains that speed even 
when using many product terms. 

Because of its improved clocking 
scheme, the IMPACT TIB82S105B is 
not a direct replacement for the TI or 
Signetics N82S105A. But it is ideal for 
those new high-speed state machines 
designed to control peripheral I/O, 
dynamic memory systems, and video 
blanking systems. 

For more detailed information 
about any of TI's growing line of high- 
speed, low-power IMPACT products, 
just check the appropriate box on the 
attached reply card and return it to TT. 





High-density IMPACT circuits 


speed logic, memory access. 


TI ’s unique Implanted 
Advanced 


Composed Technology 
(IMPACT) capitalizes on 
the advantages of ion 
implantation, oxide 
isolation, and composed- 
masking techniques to 
increase the speed and 
density of bipolar ICs. 


This innovative technology dramatically 
reduces the size and the sidewall capaci- 
tance of circuit elements (see diagram). 
As a result, speed/power ratios are sig- 
nificantly improved: In PROMs that cut 
power consumption by 43%, or more 
than double the speed (see story op- 
posite). In PAL ICs that reduce propaga- 
tion delay by as much as 40% — to 
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A major reduction in capacitance results from the 2-wm feature size which TI’s IMPACT 
processing makes possible. Silicon dioxide is the isolation material. Switching speed is 





only 15 ns at 180 mA. further enhanced by utilizing this silicon dioxide for emitter and base sidewalls. 
With the high speed and low power 

that TI’s IMPACT process makes feasi- The IMPACT process also makes it the increase in switching speed. 

ble, its potential for large-scale integra- possible to insulate critical base 


tion will reduce package counts in and emitter components DRAM technology 























many high-complexity circuits. with oxide walls. This spurs IMPACT growth 
; insulation reduces sidewall The IMPACT process is not a direct 
Composed masking capacitance, which, at descendant of DRAM technology. Nev- 


the 2-4m dimensions ertheless, TI's commitment to DRAM 
of IMPACT features, can a ceionhi ‘ded IMPACT tech 
production has provide tech- 
acter much as halt nology with vital processes. 
Sell ce a oxile It was the DRAM effort, for exam- 
lk h ple, that drove photolithography to its 
PaaS eee oe present advanced state and contributed 
tribute significantly to key dry-etching processes. Jon implant- 
ers designed to produce CMOS 
DRAM ICs enhance the quality — 
and the economy — of TI's bipolar 
IMPACT ICs. And this vital “cross- 
fertilization” from VLSI memory is one 
reason Texas Instruments — almost 
alone among U.S. semiconductor 
manufacturers — is committed to 
the development and manufacture 


of DRAM devices. 


yields high density 

In composed masking, critical 
components are defined on the 
chip with a minimum number of 
masks. Thus they can be more 
tightly defined and more 
densely spaced than by 
conventional 
masking. 





<4 More chips per slice help cut 
costs. The 150-mm wafers now 
used on TI’s advanced MOS 256K 
DRAM wafer-fabrication line have 
125% more area than the 100-mm 
slices formerly used. 








your competitive edge. 
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kK eeping you 
competitive: 
ASICs and TI. 





If you’re looking for increased system- 
level integration and performance, 
shorter design-cycle time, and reduced 
VLSI development costs, take a hard 
look at application-specific integrated 


circuits (ASICs). And a long look at TT. 


Broad choice lets you pick the 
right implementation 
Texas Instruments supports an extersive 


library of 3-ym CMOS standard cells — 
more than 200 of the standard SN54/74 
TTL functions you have designed with 
for years — including MSI, analog, and 
procedural LSI functions like RAM, 
ROM, PLA, and ALU. In addition, 
high-drive cells (up to 48 mA) are true 
TTL replacements. 

From TI's new family of advanced 
standard cells you'll be able to choose 
among more than 280 functions and 
achieve increased system integration 
and performance. 


TEXAS INSTRUMENTS 
ASIC TECHNOLOGY ROAD MAP 


GATE DELAY — ns 


Or for the performance you need, 
and quick turnaround to get your prod- 
uct to market fast, there’s TI’ DLM 
TAC-H and TAC-VH silicon-gate 
CMOS gate-array family. These de- 
vices, fully alternate-sourced, offer com- 
plexities from 440 to 8,000 gates. 


Extensive design support 
Whatever level of help you need, you 
get it from TI. In your design cycle as 
well as in meeting your prototype and 
production requirements on time. Tl’s 
proven expertise and worldwide man- 
ufacturing facilities are your assurance 
of dedicated support and products in 
the volume you require. And you have 
a wide range of package options: DIPs, 
SOs, PLCCs, pin-grid arrays — from 
8 to 179 pins. 


Design your own way 

You can reduce your costs and speed 
your ASIC design with TI because 
you don’t need special proprietary 
software or design tools. And you can 
do it at a TI regional design center or 
at your own work station. Because T's 
cell libraries are supported by most 
work stations, including Daisy LOGI- 
CIAN®, MEGALOGICIANS®, and 





GATES 


Advancing technology in ASICs need not demand new rules and tools. Your investment 
in hardware and training is protected when you move up with Texas Instruments to faster, 


more complex ASIC functions. 


a 


ew series of input- 
latched and registered 
PAL ICs lowers parts 


counts. 





Eight new 30 MHz PAL devices 
from TI are the first input-latched 
(TIBPALT19XX) and input-registered 


(TIBPALR19XX) PAL ICs in the mar- 
ketplace. Functionally similar to TT's 
TIBPAL20XX series, they include 
either 11 D-type transparent latches or 
11 D-type input registers on chip. This 
added circuitry allows you to syn- 
chronize inputs without external regis- 
ters or latches. These devices can 
reduce your parts counts and simplify 
your design task in a wide range of 
applications such as random logic, bus- 
interface logic, and input synchroniza- 
tion to custom controllers. 


GATEMASTER®; Mentor IDEA 
1000®; Valid SCALDsystem®; and 
P-CAD® and FutureNet® in IBM PC® 
environments. 

TI’s worldwide network of 13 train- 
ing and design centers, staffed with 
experienced ASIC design engineers, 
can provide access to work stations, as 
well as mainframe capability. And 
you can learn ASIC design in one of 
TI’s unique hands-on workshops. 
Using TI’s semicustom libraries with a 
real-world standard-cell example, 
you'll learn every phase of design 
from schematic capture through test- 
pattern generation and simulation. 

Select TI distributors can also give 
you local access to TI’s leading-edge 
ASIC options, with dedicated facili- 
ties, tools, and trained engineers. 

To find out more about what TI 
ASICs can mean to you, check the 
appropriate box on the return card. 


A nd now, a new, 
easy-to-use EPROM 


microcomputer. 





TI's new TMS7742 EPROM microcom- 
puter can cut to zero your lead time for 
development, prototyping, field tests, 
and product qualification. And it 
bridges the gap to ROM-based volume 
production. For low-volume applica- 
tions, it can be a cost-effective alter- 
native to mask-programmed ROM. Its 
4K bytes of on-chip EPROM are identi- 
cal to TI's TMS2732A — transferred 
into the chip area vacated by masked 
ROM. So if you can program the 
TMS2732A you can program the 
TMS7742. This new microcomputer 
provides EPROM capability for the 
TMS7020, the TMS7040, and the new 
TMS7042 ROM microcomputer. 

Also new to TI’s TMS7000 family is 
the ROM-less TMS7002 micro- 
processor. Both the TMS7002 and the 
TMS7042 feature 256 bytes of RAM, a 
serial port for USART and serial I/O 
functions, 32 I/O lines, and three 
timers. And with their 60% perfor- 
mance increase over earlier TMS7000 
ICs, they can improve system perfor- 
mance in such applications as disk and 
tape drives, printers, and industrial and 
motor controls. 
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new alternative for 
memory-systems 


lesign: TI SIP DRAM 
odules. 


A 


emory-intensive packaging for the fu- 
ure is available today — in TI’s highly 
eliable modules in single-in-line pack- 
ges (SIPs). With them you can have 
he many advantages of surface-mount 
echnology (SMT) — while using 
















ocketable packages. Thus 
ithout changing your man- & 
facturing technology, you 
an increase memory density 
yy a factor of up to 3.5 over 
lual-in-line packages (DIPs). And you 
an simplify board layout while facil- 
ating replacement and future upgrades. 
Each SIP module uses DRAM chips 
plastic leaded chip carriers (PLCCs), 


pA 


yh beara a) 






nterface performance 


enhanced by TI. 


\lso new from ‘Texas Instruments is an 
mproved direct replacement for the 
CN5812 vacuum fluorescent display 
lriver. TI's TL5812 is 11% faster and 
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ast line drivers and bus 
transceivers from TI. 


n the new SN75ALS192/194 quadru- 
ble EIA Standard RS-422-A differential 
ine drivers, TI's exclusive ALS 1.5 pro- 
ess technology (oxide-isolated Ad- 
anced Low-power Schottky) yields the 
best speed/power ratio in the industry: 
At approximately half the power con- 
umption, these devices are 30% faster 
han the competition. 
A new family of differential bus 

ansceivers, SN75176B, 177B, 178B, 
and 179B, are faster than earlier ver- 
sions. Designed for bidirectional com- 

unication on multipoint transmission 
ines in noisy environments, they meet 





rough-hole-mounted or seeeen 
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surface-mounted along with decoupling 
capacitors on an epoxy substrate. Since 
all connection points are on one edge 
of the substrate, the module “stands on 
end” to make the most of your board 
area. 

TI's full line of SIP memory modules 
— from 64K x 4 to 256K Xx 9 and 
1M x 1 — includes standard DRAMs 
and Multiport Video RAMs in various 
organizations. And all are available 
through your authorized TI distributor. 

For more information, just check the 
appropriate box on the reply card. 


le ee ee end 


Memory can be 3.5 times denser using 
fully-qualified, production-proven RAMs 
configured in SIP modules. TI SIPs com- 
bine the density of surface-mount tech- 
nology with economies of through-hole 
insertion. 


draws 60% less current. With an 
output voltage swing of 70 V and an 
output source-current capability of 
40 mA. 

Only TI’s patented BIDFET tech- 
nology — combining bipolar, double- 
diffused MOS (DMOS) and N-channel 
and P-channel CMOS transistors on 
the same chip — makes these improve- 
ments possible. And at a competitive 
price. 


EIA Standards RS-422-A and RS-485. 
Typical propagation time is only 22 ns. 
Want to know more about these new 
interface products from TI? Just check 
the appropriate box on the reply card. 


INDUSTRY’S FIRST ADVANCED LINE DRIVERS 
USE ALS TECHNOLOGY 






Ice — MA (ALL DRIVERS) 


SPEED — ns (tpi; tern) 


Advanced TI line drivers are 30% faster, 
typically draw only half the power of the 
devices they are designed to replace. 


8 new ways TI can help sharpen 


a 


F ast, economical 
new 8-bit SAR 


A/D converters. 





Now Texas Instruments offers 8-bit 
SAR (serial-approximation resolution) 
A/D converters that are as economical 
as any you can use. And because they 
use LinCMOS™ polysilicon-gate-process 
technology, they are unsurpassed in 
speed. TI's TLC549 analog-to-digital 
converter performs 40,000 conversion 
cycles per second (cps), while the new 
TLC548 pushes speed to an unprece- 
dented 45,500 cps. At any supply volt- 
age between 3 and 6 V. And typical 
power consumption is only 6 mW. 
Performance of the serial-approxima- 
tion algorithm is not only fast. It’s accu- 
rate: Conversions are performed with 
the guaranteed low error rate of +0.5 
LSB (least significant bit) across the 
temperature range from — 55° to 125°C. 


5 
68 l rave comply 


with 1.2.1. 








Now designers of military electronics 
have the broadest choice ever of devices 
that comply with the requirements of 
MIL-STD-883C, Paragraph 1.2.1. The 
vast majority of TI's military ICs — 681 
different devices — now qualify: 


Product Type Number 
ALS/AS 83 
TIL 131 
LS/S 238 
HCMOS 80 
PAL ICs 16 
Linear 113 
Memory/LSI 19 
MOS DSP 1 

TOTAL: 681 


For more detailed information on 
specific TI military devices, just check 
the appropriate box on the reply card. 








Texas Instruments quality 





recognized in Tokyo and Detroit. 


Outstanding Texas Instruments quality- 
assurance programs were lauded during 
1985 both at home and abroad. In 
June, Ford Motor Company granted TI 
linear products the coveted Q1 Award. 
And in November, TI’s wholly owned 
Japanese semiconductor operation re- 
ceived the prestigious Deming Prize. 
Both awards recognize exceptional 
levels of quality and reliability, 
achieved through aggressive defect- 
prevention programs. 





semiconductor supplier 
Ford Motor Company’s Q1 Award to 
Texas Instruments Linear is the first 
ever to a major U.S. semiconductor 
manufacturer. 

Qualification is based on a demon- 
strated defect-prevention program, 






First Ford Q1 Award to a 


along with Ford’s review of warranty 
returns, specifically keying part num- 
bers to failures. Thus it recognizes both 
initial product quality and continuing 
reliability. 

Both quality and reliability are at- 
tributes that TI Linear has pursued 
ageressively through its “monitor pro- 
gram,” begun in 1979. The goal of the 
program has been to achieve levels of 
quality and reliability equal to or better 
than the best worldwide competition. 
And the Ford Q1 Award is one visible 


token of its success. 


First U.S. winner of 
Japan’s Deming Prize 
At ceremonies on November 11 in Tokyo, 
the Japanese Union of Scientists and 
Engineers awarded the prestigious Deming 
Prize for total quality control to TT’ bi- 
polar semiconductor operation in Japan. 
The prize, never before won by a 
wholly U.S.-owned company, recog- 
nizes outstanding quality-control 
achievement in all aspects of business 
— including marketing, engineering, 
manufacturing, and support. It is 
named for W. Edwards Deming, the 
American statistician whose work in 
defining and measuring quality control 
in Japan after World War II became the 
basis for the legendary Japanese com- 
mitment to quality. In 35 years, the 
Deming Prize has been awarded to only 
48 individuals and 111 institutions. 
Texas Instruments Japan, Ltd. was one 
of only eight companies so honored 


in 1985. 


More news upcoming from TI in the next issue: 


@ A new CMOS version of TI's trend- 
setting TMS320 Digital Signal 


Processor. 


® More new additions to TI’s growing 


family of IMPACT PAL ICs. 
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@ New CMOS standard cells and gate 
arrays that augment TI's leadership in 
Application-specific Integrated 
Circuits (ASICs). 


@® And more ... 





As is the case with the Ford Q1 
Award, sensitivity to customers’ require 
ments is a key factor in selecting win- 
ners of the Deming Prize. TI's successfu 
commitment to quality and reliability 
in support of all our customers’ needs 
has been demonstrated twice again. 
And T1 is justifiably proud of this 


achievement. 





IMPACT and LinCMOS are trademarks of Texas 
Instruments Incorporated. 

PAL is a registered trademark of Monolithic 

Memories, Inc. 

LOGICIAN, MEGALOGICIAN, and GATEMASTER 
are registered trademarks of Daisy Systems Corporation. 
IDEA 1000 is a registered trademark of Mentor 
Graphics. 

SCALDsystem is a registered trademark of Valid Logic 
Systems Incorporated. 

P-CAD is a registered trademark of Personal CAD 
Systems Inc. 

FutureNet is a registered trademark of FutureNet 
Corporation. 

IBM PC is a registered trademark of International 
Business Machines Corp. 


For more information... 


Check the appropriate square on the 
reply card, or write Texas Instruments 
Incorporated, Department SY093, 
P.O. Box 809066, Dallas, Texas 
75380-9066. 


i 





TEXAS 
INSTRUMENTS 


Creating useful products 
and services for you. 











Designer’s Guide to: 
Linear control-system theory—Part 2 


Dynamic signal analyzers 
simplify measurement of 
linear control systems 





Advanced dynamic signal analyzers (DSAs) give de- 
signers a wide choice of techniques for measuring a 
system’s open-loop frequency response. This article, 
part 2 of a 8-part series, considers the effect of DSAs 
on the graphical measurement techniques of linear 
control-system theory. Part 1 of the series presented 
an overview of classical linear control theory. Part 3 
will explore the expanded role of DSAs in the control- 
system design process. 


Steve Asbjornsen and Owen Brown, 
Hewlett-Packard Co 


You can use a variety of graphical techniques to analyze 
a negative-feedback, closed-loop control system (Ref 
1). Bode plots, Nichols diagrams, and Nyquist dia- 
grams are three distinct tools that allow you to deter- 
mine a system’s amplitude and phase characteristics 
(and, therefore, its stability) as functions of frequency. 
Typical test instruments make use of these tools, and a 
dynamic signal analyzer (DSA) is no exception—it 
allows you to view and plot frequency-response data in 
all three formats. 

The internal analysis functions of modern DSAs, 
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however, alter the relative usefulness of these three 
graphical techniques. Understanding these DSA func- 
tions gives you an idea of how a DSA’s computational 
power can expand your test options. 


Waveform math and Nyquist diagrams 

A DSA’s waveform-math capability, for example, 
limits the Nyquist diagram’s usefulness to providing a 
complete check of a system’s stability and a 1-trace 
representation of its frequency response. The wave- 
form-math utility is a built-in calculator that allows you 
to add, subtract, multiply, divide, or use any of the 
other operators shown in Table 1 to manipulate fre- 
quency responses, recorded waveforms, and complex 
constants. 

The Nyquist diagram lets you easily determine the 
stability of all types of systems, including absolutely 
and conditionally stable systems. You can also directly 
calculate the closed-loop frequency response of a unity- 
feedback control system. However, the diagram 
doesn’t facilitate calculation of composite frequency 
responses, and its linear scales can’t accommodate both 
adequate gain ranges and acceptable resolution around 
the unity-gain point. Reading phase margin is more 
difficult with the Nyquist diagram than with other 
diagrams, and reading the open-loop bandwidth is 
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A DSA’s built-in calculator uses waveform 
math to perform arithmetic operations and 
to manipulate frequency responses, wave- 
forms, and complex constants. 








impossible unless the frequency at which the gain 
becomes unity is recorded on the plot. Finally, you can’t 
use the Nyquist diagram to estimate the transfer 
function of a system from its measured frequency 


response, or vice versa. 

A DSA’s waveform-math utility, however, lets you 
calculate a system’s closed-loop response precisely, in 
any format, using the equation 


CGjw)/RGw)=GUGo){1+ GGw)}. 


Using waveform math, you can calculate closed-loop 
frequency response independently of the display for- 
mat. Linear scales are not a problem when youre using 
a DSA, because the DSA’s display can easily rescale the 
data. The DSA’s marker readouts make the measure- 
ment of gain margin, phase margin, and open-loop 
bandwidth much easier. 


Bode plots 


DSAs also alter the usefulness of the Bode plot, 
which designers have traditionally favored because 
they could use it to estimate composite frequency 
responses quickly. The Bode plot’s logarithmic units 
offer a large dynamic range of gains, and the plot makes 
it easy to measure gain margin, phase margin, and 
open-loop bandwidth. Finally, unlike the Nyquist dia- 
gram, the Bode diagram lets you estimate a transfer 
function from a frequency response and vice-versa. 

The Bode plot’s major drawbacks are that you have 
to plot traces for both gain and phase, and that you can’t 
estimate the closed-loop frequency response from the 
open-loop frequency response. A DSA’s waveform- 
math utility makes it easy to calculate the closed-loop 
frequency response, however. Further, the DSA’s fre- 
quency-response-synthesis and curve-fitting functions 
automate the transition between frequency responses 
and transfer functions. 

The Bode plot is still useful in that it helps you 
intuitively understand the frequency-response/trans- 
fer-function transition. The Bode plot also helps you 
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estimate composite waveforms, and its logarithmic gain 


units provide both range and resolution. 


Although the Bode plot and Nyquist diagram are still 
useful to designers who perform system analysis on 
DSAs, Nichols diagrams are not. The Nichols dia- 
gram’s only advantage over the other diagrams is that 
it lets you calculate closed-loop frequency responses. 
Because the waveform-math capability of DSAs solves 
this problem, it renders the Nichols diagram obsolete. 


The root-locus plot 


The newest method of making control-system meas- 
urements is root-locus analysis, which was developed in 
the late 1940s and early 1950s by Walter R Evans. All 
previous methods of analysis had used open-loop fre- 
quency response solely to determine whether closed- 
loop poles with positive real parts existed. These 
methods yielded no additional information concerning 
the actual value of s for the poles. The root-locus 
technique, however, lets you examine the actual values 
of s for the closed-loop poles graphically, based on the 
known values of s for the open-loop poles and zeros. 

The root-locus diagram could not have been con- 
ceived without the development (in the late 1940s) of 
the s-plane. The s-plane is a 2-dimensional plane that 
represents all possible values of the Laplace variable s. 
The plane’s ordinate is the imaginary part ( of 
Ss=o+jw), and its abscissa is the real part (o of 
s=ot+jw), of s (Fig 1). 





Fig 1—The s-plane represents all possible values of s in two 
dimensions. This plot allows you to locate the poles and zeros of a 
closed-loop transfer function and thereby determine the stability of 
the system characterized by the transfer function. 
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Each value of s, therefore, has a unique position in 
the s-plane. If you can determine the poles and zeros of 
a ratio of polynomials (such as the open- and closed-loop 
transfer functions of a control system) in s, you can plot 
the location of these poles and zeros in the s-plane. Any 
closed-loop pole that exists in the right half of the 
s-plane represents poles with positive real parts and 
therefore indicates an unstable system. 

In measuring the open-loop frequency response of a 
system, you're collecting the same data you would if you 
were evaluating GH(s) for values of s that lie on the 
positive ordinate of the s-plane (s=0+jw for w=0 to 
+infinity). From the open-loop information, Nyquist— 
without using the idea of the s-plane—made the concep- 
tual leap that allowed him to determine whether there 
were any values of s with positive real parts that solved 
the equation GH(s)=—1. His observation was not an 
obvious one, to say the least. 

Consider a control loop that has been opened so that 
the open-loop frequency response (GH(jw)) is measura- 
ble. If you alter just the gain of the loop, you won't 
affect the value of the open-loop poles and zeros. As a 
result, the open-loop transfer function can be expressed 
as GH(s)=KGH(s), where K represents a proportional 
gain constant that’s independent of s. 

Although varying K has no effect on the position of 
the open-loop poles and zeros, it can have a tremendous 
effect on the closed-loop poles. This effect becomes 
apparent if you substitute KGH(s) in the denominator 
of the closed-loop transfer function G(s)/{1+GH(s)} and 
solve the equation for the poles. The resulting expres- 
sion is 1+KGH(s)=0. 

The closed-loop poles, therefore, are values of s that 
are solutions to the equation GH(s)=—1/K. To locate 
the closed-loop poles, you must, whenever K changes, 
find new values of s that satisfy the equation 
GH(s)=—1/K. It was this relationship—between the 
stationary poles and zeros of the open-loop transfer 
function, and the closed-loop poles that vary with pure 
gain—that provided the basis for Evans’s root-locus 
technique. 


Using the root locus 


The root-locus technique plots the open-loop poles 
and zeros in the s-plane. You can obtain the open-loop 
pole and zero locations from a mathematical derivation 
of the open-loop transfer function or by using Bode’s 
techniques to extract the transfer function from a 
measured frequency response. If you plot the open-loop 
poles and zeros on the s-plane (Figs 2a and 2b), you can 
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Fig 2—A powerful graphical technique, the root-locus plot, allows 
you to determine the location of poles in a closed-loop system without 
actually measuring the closed-loop response. This method depicts the 
migration of poles as the system’s frequency-independent gain (K) 
varies. 





221 











use Evans’s graphical techniques to draw a trace that 
represents the migration of the closed-loop poles (or 
root loci) as the frequency-independent gain varies 
(Figs 2c and 2d). 

The advantage of this technique lies in its ability to 
give the actual location of closed-loop poles without 
actually measuring the closed-loop response. However, 
using graphical techniques to determine the root loci 
doesn’t give you the actual value of the frequency- 
independent gain (K) at any particular point in a locus. 
You must return to the equations and calculate the 
closed-loop pole locations for several values of K until 
you discover the value of K that corresponds to some 
point on a locus. 

The root-locus technique also requires that you know 
the number and location of the open-loop poles and 
zeros before you can estimate the position of the 
closed-loop poles. The technique is, therefore, less 
flexible than the Nyquist or Bode diagrams, which let 
you predict stability, measure performance, and obtain 
design information, but allow you to measure only the 
open-loop frequency response. The root-locus method, 
however, provides you with more information during 
the initial design process, and it’s better suited to the 
design of the complex compensation networks typically 
associated with complex systems. Also, because you 
know the position of the closed-loop poles, you can 
derive the time-domain response for a given value of 
gain (K). 

Almost all linear control-system analysis, and much 
of the subsequent designs, depends on obtaining an 
accurate estimate of a system’s open-loop characteris- 
tics, either in the form of a frequency response GH(jw) 
or the closed-loop transfer function GH(s). No matter 
how these open-loop characteristics are expressed, 
designers must always perform the actual physical 
frequency-response measurements, whether to help 
construct system models or to verify them. 


Measurement techniques 


In the past, engineers had to choose between two 
types of analyzers for making low-frequency control- 
system measurements. They could choose either the 
classic frequency-response analyzers (FRA), which 
provide swept-sine measurements, or fast-Fourier- 
transform analyzers (FFTA), which can measure a 
whole spectrum in one measurement. 

The two analyzers have different advantages and 
disadvantages. For example, although the FFTA has 
the potential for faster measurement times, it entails 
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complex set-up procedures. And although the FRA is 
familiar to engineers, who understand its swept-sine 
method of measurement, its measurement times are 
slow. However, because DSAs offer both measurement 
techniques, designers no longer have to accept the 
tradeoffs that accompany choosing an FFTA or an 
FRA. 


Frequency-response analyzers 


F RAs operate in much the same way as do hetero- 
dyne network analyzers, and they’re limited to taking 
measurements at low frequencies. They generally pos- 
sess two channels, each of which uses a discrete Fourier 
transform to emulate a single bandpass filter. The 
Fourier integration time controls the filter’s bandwidth 
to values in the low microhertz range, and an inte- 
grated sine-wave source (Fig 3) synchronizes the fil- 
ter’s center frequency. 

A stimulus signal from the FRA drives the device 
under test. The analyzer’s two channels connect to the 
input and output of the device, and the signal each 
channel receives undergoes comparison with the stimu- 
lus signal as a function of the discrete Fourier trans- 
form. The result is a complex value containing the 
magnitude and phase (with reference to the stimulus 
signal) of the measured signal. 

The FRA then compares the two channels’ results, 
deriving the gain and phase-shift relationships between 
the two channels’ signals. This process occurs several 





Fig 3—The integration time of a Fourier transform controls filter 
bandwidth, and a sine-wave signal source sets the filter’s center 
frequency. Each discrete Fourier transform emulates a single band- 


pass filter. 
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times between the start and stop frequencies being 
analyzed, thereby producing a series of discrete gain 
and phase values. When you connect these points 
graphically, you obtain the gain and phase curves of the 
frequency response. Note that this measurement pro- 
cess has two implementations, and the difference be- 
tween them can be important to the designer who uses 
computer-aided analysis. 

The primary distinction between the two implemen- 
tations lies in the sources. An FRA whose source 
sweeps continuously can integrate the signal while the 
source is actually sweeping. Each integration period, 
therefore, covers a small part of the total measurement 
span. The result of that integration is then available at 
the end of each integration period. 

This continuous-sweep technique creates a potential 
ambiguity between the phase and magnitude values for 
the displayed frequency, and the exact frequency at 
which they occurred. The ambiguity becomes especially 
serious when the integration period covers large fre- 
quency spans. Because the integration period is typical- 
ly fixed, you can generally minimize this problem by 
reducing the sweep speed—and therefore the frequen- 
cy span covered—during integration. The ambiguity 
won’t interfere with graphical analysis, but it can 
create difficulties in computer analysis. 


Sweep-and-dwell sources 


The alternative to the continuous-sweep implementa- 
tion is a sweep-and-dwell sine-wave source. In this type 
of analyzer, the sine-wave source dwells at a discrete 
frequency during the integration process and then 
performs a phase-continuous sweep to the next analysis 
frequency. 

Because a sweep-and-dwell analysis occurs at a dis- 
crete frequency, the phase and gain analyses apply only 
for the frequency point at which the measurement was 
made; therefore, no ambiguity exists. DSAs incorpo- 
rate this sweep-and-dwell form of swept-sine analysis, 
which optimizes the accuracy of their integrated com- 
puter-aided-analysis functions. 

One possible drawback to the sweep-and-dwell tech- 
nique is that the analyzer might miss valuable informa- 
tion between measurement points. However, by simply 
decreasing the sweep rate of these analyzers, you 
increase the number of measurement points between 
the start and stop frequencies and provide better 
resolution. 

Newer analyzers offer an autoresolution function 
that monitors the gain and phase shift between mea- 
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A root-locus diagram allows you to examine 
the values of s for a system’s closed-loop 
poles, based on the known values of s for the 
open-loop poles and zeros. 


surement points and automatically adjusts the resolu- 
tion (ie, sweep rate) during the sweep, thereby pre- 
venting the loss of valuable data. This function can also 
minimize total sweep time by increasing the sweep rate 
in portions of the frequency response that are relatively 
flat in both gain and phase. 


FFT analyzers 


Fast-Fourier-transform analyzers (FFTAs) are simi- 
lar to FRAs in that they use a type of Fourier transform 
to achieve narrow analysis bandwidths. Their method 
of signal generation and use of two channels to compare 
a device’s input and output are also the same as those of 
the FRAs. However, instead of emulating a single 
bandpass filter and tracking it over the spectrum of 
interest, FFTAs emulate hundreds of bandpass filters 
(Fig 4) and provide complete coverage of an entire 
spectrum in one integration period. FFTAs can usually 
perform measurements much more quickly than can 
FRAs. 

In addition to the increased number of analysis 
bands, the FFT process can also use a wide range of 





Fig 4—FFT analyzers emulate hundreds of bandpass filters. One 
integration period, therefore, provides complete coverage of an entire 
spectrum. The FFTA can use a wide variety of stimulus signals, 
including random noise. 


stimulus signals. They typically use stimulus signals 
(such as random noise) that provide energy over the 
entire analysis span, thus taking full advantage of the 
analysis power. 

FFTAs and FRAs use different methods to reduce 
measurement noise. If you don’t know what the differ- 
ences in the methods are and how they affect the 
measurement process, you can very easily misuse an 
FFT analyzer. Designers lacking this information have 
sometimes concluded—mistakenly—that FFT analyz- 
ers can’t make control-system measurements. 

Although the term “swept-sine analysis” describes 
the FRA’s stimulus signal, it doesn’t describe the 
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The sweep-and-dwell sine-wave stimulus is 
better than any other type of stimulus for 
measuring noisy systems. 





FRA’s unique analysis process comprehensively (heter- 
odyne analyzers also use a swept-sine stimulus). The 
term “swept Fourier analysis” (SFA) describes the 
FRA’s measurement process more specifically. The 
differences between FFT and SFA measurement pro- 
cesses lie mainly in their stimulus signal, single- versus 
multiple-band analysis, and noise-reduction techniques. 


Stimulus signals in SFAs and FFTs 


The SFA measurement process uses a swept-sine- 
wave stimulus, and the FFT process uses stimuli that 
produce energy at all the analysis frequencies within a 
single integration period. When you’re measuring ex- 
tremely noisy systems, the type of stimulus itself can 
have a profound effect upon the measurement. 

The sweep-and-dwell sine-wave stimulus is better 
than any other type of stimulus for measuring noisy 
systems, because the power of the stimulus is concen- 
trated at one discrete frequency. This concentrated- 
power approach automatically provides the best possi- 
ble signal-to-noise ratio without any signal processing. 
A random-noise stimulus, on the other hand, must 
distribute its energy over a wider bandwidth, provid- 
ing less power at any one discrete frequency than would 
a dwelling sine wave (ie, its power spectral density is 
much lower than a sinusoid’s) (Fig 5). 

A random-noise stimulus also has advantages, how- 
ever. One of the key strengths of this type of stimulus is 
that it provides a linear estimate of the operation of a 
nonlinear system. For example, many systems experi- 
ence changes in their frequency response relative to the 
drive level or relative to the direction of a sine-wave 





Fig 5—Power-spectrum density for a random-noise signal is much 
lower than that for a sine wave, as this plot shows. The random-noise 
signal distributes its energy over a much wider bandwidth than does 
a sine wave. 
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sweep. Random noise, which has no sweep direction 
and has random amplitudes at all frequency compo- 
nents, provides an average of the drive-level and 
sweep-direction effects, so it usually provides a good 
approximation of a system’s operation. 

In situations in which initial measurements indicate 
that the energy level of the random-noise stimulus is 
too low, you can improve the relative power spectral 
density of the stimulus by reducing the frequency span 
of the measurement (if the analyzer uses a band-limited 
random-noise source). However, to cover the original 
frequency span of interest, you must take more 
measurements. 


Single- vs multiple-band analysis 


The SFA’s single-filter measurement process is slow- 
er than the FFT process, which provides hundreds of 
filters. However, the use of a single filter does have its 
advantages. If you use a single filter, you can make all 
the signals produced by distortion products (such as 
harmonic distortion and intermodulation distortion) lie 
outside the analysis bandwidth of a single filter, thus 
removing the products from the measurement. 

By increasing the Fourier integration time, you can 
always reduce the filter’s bandwidth to exclude distor- 
tion products (Fig 6). The only time you can’t remove a 


disturbance signal is when a spur at a fixed frequency 


occurs at exactly the same frequency as that of the 
SFA’s stimulus. Because of its many filters, the FFT 
process can be affected by distortion products, depend- 
ing on the stimulus used. 

For example, if you use a sine-wave stimulus in a 





Fig 6—Reducing the analysis band of an SFA’s measurement 
process excludes distortion products from the measurement. The 
analysis band is inversely proportional to the Fourier integration 
time. 
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You face the pressure everyday. On almost every project. 
To reduce weight. Reduce material and labor costs. 
Improve product performance and appearance. 


All against the clock! 

So, you look for outside suppliers 
to add to your own resources. 

That’s why so many engineers 
like you turn to MACtac. For 
fresh new solutions to product 
design...assembly...decoration... 
and protection. 

Because MACtac brings you the 
broadest line of performance-rated 
pressure sensitive adhesives. Foams, 
films and free films in rolls and sheets. 
For permanent parts bonding, 
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WHAT TO DO WHEN IT TURNS 
INTO A CAN OF WORMS 


temporary spot adhesion, wide area lamination, durable 
decoration, etc. 
Plus unique optically clear pressure sensitive films for 





a host of exotic applications. And 
much more. 


CALL MACtac, 1-800-323-3439. 
Schedule a Materials Specification 
Meeting in your plant now—to 
review our standard and custom 
capabilities, and quickly focus in 
on problems/solutions. Contact: 
MACtac Industrial Products, 4560 
Darrow Rd., Stow, Ohio 44224. 
In Ohio, 216-688-1111. 


Adhesives Systems Engineering 
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A DSA combines the advantages of classic 
frequency-response (swept-sine) analyzers 
and fast-Fourter-transform analyzers. 
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Fig 7—A sine-wave stimulus in a measurement using the FFT process can cause distortion products to appear within the filters produced 


by the transforms. The products would thus be recorded as part of the system’s response. 
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AVERAGED MEASUREMENT 





RESPONSE 





Fig 8—Periodic stimuli allow harmonics to maintain a constant phase relationship with desired signals. It’s impossible, therefore, to 
average these components to zero, thereby reducing the effect of the nonlinearity on a measurement. A random stimulus eliminates this 
distortion-induced problem; averaging causes the nonlinear portion of the response in each filter to dwindle to zero. 


system that produces harmonic distortion, the distor- 
tion products can appear within one or more of the 
FFT’s filters and be recorded as part of the system’s 
response (Fig 7). 

Distortion products can also affect the FFT process 
when you use a pseudorandom signal as a stimulus. You 
can characterize this pseudorandom signal as a summa- 
tion of discrete sine waves, each of which is tuned to the 
center frequency of a unique filter. If you separate the 
response in each filter into the portion of the response 
that results from the intended stimulus (the desired 
response) and the portion of the response that arises 
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from a harmonic product of a lower frequency, you'll 
never see a change in the relationship between the 
desired response and the distortion product from mea- 
surement to measurement. Therefore, even if you were 
to average the results of several measurements, you 
wouldn’t reduce the effect of the nonlinearity on the 
measurement (Fig 8). 

A random stimulus, however, eliminates this distor- 
tion-induced problem by letting the nonlinear portion of 
the response in each filter decay to zero with averag- 
ing, even if the nonlinearity is a fixed spur at the center 
frequency of a filter. A swept-sine-wave stimulus 
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BECAUSE NO TWO ENGINEERS ARE EXACTLY ALIKE, 
DIALIGHT OFFERS THE LARGEST OPTOELECTRONICS VARIETY. 


With everything electronic 
getting smaller, PC boards and 
front panels are getting more 
complicated and difficult to 
service. 

Fortunately, Dialight 
optoelectronics can help throw 
some light on the subject. And 
that’s why using this technology 
is becoming the mark of a 
good design engineer. 

THE ABCs OF DESIGNING WITH LEDs. 

Suppose you want to 
backlight a front panel from an 
internal PC board. 

You could use value-added 
Dialight LEDs. They plug right 
into the board and hold the 
light steady at exactly the right 
distance from the panel. 

Or you can make troubleshooting a circuit board 
easy by designing in a Dialight LED that will indicate a 
faulty component. 

Dialight packages LEDs to make them easier to 
insert. With no need to bend, trim, and possibly break, 
delicate leads. 

Of course, you could buy individual LEDs for less. 
And have somebody bend, trim and insert them by 


A North American Philips Company 


DIALIGHT OPTOELECTRONICS 
Products of your tmagination, 
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hand. But think of what all that 
hand labor costs. Not to mention 
the cost of a service call if your 
light fails in the field. 

That's what made the 
value-added LED such a good 
idea when we came up with it 
almost 15 years ago. And why 
we still 100% test every single 
LED before we ship it. 

AN IDEA THAT’S 4 TIMES BRIGHTER. 

Today Dialight is still lighting 
the way. Our new Super Brights, 
for example, are 4 times brighter 
than ordinary LEDs. So they're 
easier to see. Even in the high 
ambient light of a computer room. 
And if you're short on power, 
they operate on one-fourth the 
current. 

Call 718-497-7600 or write | 
Dialight Corporation, 203 Harrison , 
Place, Brooklyn, NY 11237-1587, 
and we'll send you copies of our 
catalogs. 

Keep them handy. They'll 
put hundreds of great ideas at 
your fingertips. 






See us at Electro 86 Booth #523-7 




















An FFT analyzer uses two channels to 
compare input and output and emulates 
hundreds of bandpass filters to provide com- 
plete coverage of an entire spectrum. 





doesn’t permit such averaging. The explanation of 
distortion phenomena leads directly to the topic of noise 
reduction. 


Noise reduction in SFAs and FFTs 


The noise-reduction process of SFAs is fairly 
straightforward. If you increase the integration time in 
each channel, the analysis bandwidth in each channel 
becomes smaller and smaller while remaining centered 
on the frequency of the stimulus. As the bandwidth 
becomes smaller, the noise power (of the measured 
system) within the filter lessens. Moreover, any spurs 
close to the center frequency become located farther 
down the stop band of the analysis bandwidth until they 
receive sufficient rejection. 

The only type of distortion that can’t be rejected is a 
spur that has the same frequency as the stimulus and 
that maintains a constant phase relationship with the 
stimulus. In this case, the spur is said to be coherent 
with the stimulus. A key aspect of this type of noise 
reduction is that the noise in each channel is reduced 
before the gain and phase relationship (ie, the frequen- 
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cy response) between channels is calculated. 

The FFT process makes two types of noise reduction 
available: time averaging (a form of linear averaging) 
and power-spectrum averaging. Time averaging is very 
similar to the SFA’s averaging process in that it im- 
proves the S/N ratio of the signal in each channel before 
the frequency response is calculated. The time-averag- 
ing method gathers the samples of the signal normally 
considered by the FFT into blocks of data called time 
records, and then averages the time records. 

To keep averaging from reducing the signal of inter- 
est, you must make sure that the signal is a periodic one 
(such as the pseudorandom signal mentioned above) 
and that the phase of the signal is the same in each time 
record. You must also supply a trigger signal to the 
analyzer to indicate when data collection should begin. 


Power-spectrum averaging 


The second, and more commonly used, form of noise 
reduction in FFT measurements is power-spectrum 
averaging. The fundamental difference between this 
technique and time averaging is that relatively little 





Fig 9—If you average frequency-response calculations, you can use random noise as a stimulus. The stimulus-response relationship 


remains constant, while the noise contribution in both channels averages to zero. The averaged frequency response thus converges in a linear 


representation of the system’s frequency response. 





228 


EDN April 17, 1986 
























































4 Win the board game, with _ 
© smart real-estate decisions! 


\™ Choose our monolithic buffer amps for 
“4 more reliability, less cost. 5 


. When you go for high-performance buffer amps, go to the 
\ high-performance leader...Harris. 
New HA-5002 and HA-5033 monolithic buffers use our proven Dielec- 
tric Isolation technology to produce both 
PNP and NPN high-frequency transistors. 
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pressive performance 
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HA-5002 performance: 
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» can pin-compatible with LH0002. The 
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= from Harris. 
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noise reduction occurs in each channel. Instead, the 
method removes noise by averaging frequency-re- 
sponse data from each measurement. 

The benefit of this noise-reduction technique is that it 
doesn’t matter how much the stimulus signal differs 
from one measurement to the next, as long as the gain 
and phase relationship from measurement to measure- 
ment remains the same. You can thus use random noise 
in an averaged measurement. 

For example, assume you allow the random-noise 
stimulus to maintain the same frequency components as 
the pseudorandom-noise signal discussed earlier, but 
let the phase of the discrete sine waves vary randomly 
(a poor representation of random noise, but useful for 
this example). In this case, the stimulus signal within 
each filter will have a different phase orientation in 
each measurement. 

If you were to examine a filter whose output is 
composed of a linear response to the intended stimulus 
signal and a nonlinearity-induced harmonic product, 
you'd see a change from measurement to measurement 
in the relationship between the linear response and the 
harmonic. The disparity exists because the phase of the 
harmonic’s fundamental and the intended stimulus 
would have changed between measurements. 

If, over several measurements, you examine a vector 
representing the computed frequency-response data for 
each measurement, you'll see that the distortion prod- 
uct appears as a vector that rotates about the end of a 
stationary frequency-response vector (Fig 9). When 
you average several frequency-response vectors, the 
contribution from the distortion product falls to zero. 
The averaged frequency-response vector thus gives 
you the best linear estimate of the device’s frequency 
response. If you use a random-noise stimulus in this 
type of averaging scheme, you'll find that even a spur at 
the center frequency of a filter would be noncoherent 
with the stimulus and would average to zero. 

Although power-spectrum averaging, combined with 
a random-noise stimulus, reduces the effects of all 
forms of distortion products from a measurement, you 
wouldn’t benefit from using power-spectrum averaging 
with a periodic stimulus. Using a periodic stimulus 
would allow distortion products to be coherent with the 
stimulus, so they’d be unaffected by averaging. Fur- 
ther, certain control-system measurements don’t allow 
the use of power-spectrum measurement. 

The FFT analyzer is always better than a swept- 
frequency analyzer for measuring a basically linear 
system with poor to good S/N conditions. Both analyz- 
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If you don’t understand the differences in 
the ways an FFTA and an FRA effect 


measurement-notse reduction, you could 
misuse the FFTA. 


ers (FFTA and SFA) will provide the same response, 
but the FFT process will provide it much more quickly. 
The SFA, on the other hand, gives you the best possible 
S/N ratio, so it’s more suitable for use in difficult 
measurement situations. Having both techniques avail- 
able is clearly preferable, as in a DSA, so you can use 
them to handle different measurement problems. EDN 
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Integral one-step shielding. 
Very friendly 1/0. From AMP 





AMP is a trademark of AMP Incorporated. 





Round shielded 
cable terminates 
in just two steps. 
Optional insulation 
boot protects 
against ESD. 















Our latest idea in I/O: a good- already shielded, all ready to go. With economical one-step application. 
looking, hard-working shielded selective gold plating for high cycle Cost effective? No question 
connector that attaches to flat life, user-friendly design for easy about it: it’s from AMP. 
cable in a single operation. insertion, secure retention and Call (717) 780-4400 to find 

One step mass-terminates the simple release. out more. Ask for the 
cable, applies two-point strain Sensible? You bet: the shield- AMP SDL Information Desk. 
relief, and terminates the cable ing you need, in an economical AMP Incorporated, Harrisburg, 
shield to the connector shield. connector with unbeatably PA 17105-3608. 

Our Shielded Data Link connec- 


tor comes in a one-piece assembly, fA Ee Interconnecting ideas 


SDL connectors in Top or side entry 
4,6, 8 and | pcb receptacles. 
16 contact i 4 = Integral shunt 
configurations. / Dl og | _ versions and side- 
Insulation-displacing ~ ny ‘ entry versions 
design, built-in & eee with offset 
polarization and ssid : mounting ears 
keying. for close spacing 
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MILITARY e 
MODULES AND MONOLITHICS 





MILITARY CERDIPS/LCC’s 








Static RAM 
SIZE PIN SPEED 
16Kx1  DP9167 35ns 
AKx4 DP9168 35ns 
2Kx8  DP9116 35ns 
64Kx1  DP9287 35ns 
16Kx4  DP9788 35ns 
8Kx8  DP9264 65ns 
1Kx8  DP9130* 85ns 
euxse UPOl32 85ns 
S2kx8 DP92256 Gols 
64Kx4 DP9186 35ns 
*Dual Ported 
Dynamic RAM 

SIZE PIN SPEED 
64Kx1 DP9164 100ns 
256Kx1 DP91256 100ns 
1Mx1  DP9001 100ns 


EPROMS, EEPROMS and HI-REL 


M68000 (-55 to +125°C) 


now available 




















Dense-Pac currently supplies over 80% of the top 25 defense contractors in the 
United States with their military MIL-STD 883 semiconductor requirements. 





Dense-Pac continues to offer the widest range family of high density million bit 


memory modules. The technologies included in the above modules are SRAM, 
EEPROM, EPROM, DRAM, VIDEO RAM and NOVRAM. : 


Dense-Pac also provides complete form, fit and function compatibility with existing 
memory modules from IDT and EDI. CMOS CPU modules are currently being designed 
for the 80C31, 80CX86, 9450 and 290X families which include memory and 


support chips. Challenge the Future - Join the Family! 








Contact Sales at: 


Dense-Pac Microsystems, Inc. 


7321 Lincoln Way © Garden Grove, California 92641 

(714) 898-0007 © (800) 356-2690 (Outside CA) 

TWX: 5106011045 © Answerback: DENSE PAC UQ 
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Multi-layer Ceramic Chip Capacitors 

A wide range of capacitances and high 
dimensional accuracy are instrumental 
in the production of slim, high-density, 
quality boards. 


Dimensions: Class | (S0V) 

heres a] aw | ew] o 

32x16 0.5~ 0.5~ 0.5~ 0.5~ 0.5~ 0.5~ 
¥0.6~1.1 680pF 820pF 1,000pF | 1,200pF | 1.520pF } 1,500pF 

20x 125 0.5~ 0.5~ 0.55 0.5~ 0.5~ 0.5~ 0.5~ 
x06~1.1 430pF S60pF 680pF TS0pF 820pF 1,000pF |} 1,800pF 


Dimensions: 

Ax8xCimm) 

3216 1,000 ~ 12,000~ 
x06~1.1 100,000pF {| 220,000pF 

20x 1.25 470~ 6,800 ~ 
x06~1.1 47.000pF 1 


00,000pF 












































Multi-layer Chip Inductors (MLF Series) 
Coilless chip inductors utilizing TDK’s 
multi-layer ferrite technology. Closed 
magnetic paths for perfect shielding. 


Dimensions: Ax Bx C (mm) | Inductance (,H) 
3.2 x 1.6 x06 01~12 
3.2x16x11 0.39~27 


| | 2x25 x 1) 
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With the world’s smallest transformers, 
IFT and LC traps (series 4532), TDK 
advances automated surface mounting 
by another significant step. Monolithic 
IFT and LC traps incorporating non- 
adjustable transformers and capacitors 
in a single, sintered, multi-layer block. 
Another world’s first from TDK. 


Series designation Applicable _ 

Dimensions: A x B x C (mm) | frequency range 
MTT (transformers) . 
45x 32x28 300kKHz~1MHz | L: 10~200,H 


MIA (AM IFT) 
45x3.2x25 





































455kHz, 459kHz |. 
464kHz Q: above 40 
MIF (FM IFT) 


45x 32x20 10.7MHz Q: above 40 
MXT (LC traps) in-series type F+2% 
45%32x2.2 parallel type Attenuation over 20dB 
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Leadless Inductors (NL & NLF Series) 
Especially suitable for automatic high- 
density mounting. Epoxy sealed, ex- 
cellent dimensional accuracy, large 
inductance, steep Q. High temperature 
and humidity resistance. 


Series designation, Inductance 
Dimensions: A x B x C (mm) range (uH) 


NL 3.2x2.5x 2.2 0.12~100 20~30 










NL 4.5 x 3.2 x 3.2 1.0~1,000 | 30~50 
NLF (shielded) 4.5x 3.2x3.2 | 1.0~1,000 | 30~50 





Ferrite-chip Type Microbeads (CB Series) 
Effectively eliminate EMI/RFI and 
parasitic oscillation vibrations. Suitable 
for easy, automated surface mounting. 
Your new, reliable anti-noise (EMI/RFI) 
weapon. Mounted on circuit board, no 


need for lead wires. 


Dimensions: Impedance () DC resistance 
AxBxC (mm) at 100MHz Rde (a) 

2.0x 1.25 x09 0.030 ~0.033 
S2X16%1.1 14~26 
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The Power Line Module is based on the Feller Universal Combicon 
and complies with current multi-function modules. Besides an inlet 
it contains a voltage selector, with a small PC- board, which may be 
inserted from the front side of the module. The line voltage is select- 
able between 100, 120, 220 and 240 V, following the insert posi- 
tion. Incorporated are one or two fuseholders for American respect- 
ively European fuses which makes the product especially suitable 
for export purposes. 

The dimensions of the cut-out of the new Feller Power Line Module 
are compatible with others. [tis available in both snap-in or screw- 
mounting types. Its installation is simple and cost-effective. 
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Kléti USC 


Most of the countries have their own safety standards. For this rea- 
son, Feller Power Line Modules have been approved by all import- 
ant test agencies. 


Feller PCC, CH-8810 Horgen (Switzerland), Telex 826926 
Telephone 01/725 65 65, Telecopier 01/725 70 12 


PCC_Primary 


Circuit Components 


EDN April 17, 1986 


ACM SIGGHAPH 6&6 


BAK @ oy ivasiiiee @aiiag 
Dailas, Texas 
August 18-22, 1986 


Conference Management 
111 East Wacker Drive #600 
Chicago, IL 60601 
312/644-6610 


© > 
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A combination of tne nighest 
standards in technical 
achievement, creative artistry 
and today’s most advanced 
graphics systems. 
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f5th ANNUAL Conserence 
on Computer Graphics and 
Interactive Techniques 


Sponsored by the Association 
for Computing Machinery’s 
Special Interest Group on 
Computer Graphics in 
cooperation with the IEEE 
Technical Committee on 
Computer Graphics. 


Please send a copy of the SIGGRAPH ’86 advance program to: 


NAME 


ADDRESS 


ZAP 


COMPANY 


CITY/STATE/COUNTRY 


TELEPHONE 


fecnnical rapers 
Panel Sessions 
Courses 

Industry Exhibition 
Art Show 
Electronic Theatre 


EDNO041786 


Members of ACM SIGGRAPH will automatically receive these materials in the mail in April and need NOT return this coupon. 8 
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wh he Be INE 
IT ALL WORKS 
TOGETHER. 


Dallas Semiconductor has simpli- 
Lit=toMe(-t}[e lama oh'm ol coy iiollate Mel ge(-1ehy 
JalUh Colo) Tal-lalem-(Vicolnir-li(om esti t- la mie) g 
the microprocessor-based system. 
Woke)" (-l mre ltiatlolicelamalem (elare(-1 ml al- (om ce) 
mean chaos. 

Integrated Battery Backup is an 
easy three-part solution. The DS1231, 
power monitor, warns the processor 
of impending power failure. Then the 
Diy aA alolal'(e)t-1U(-Mexe)al ice) | (<1 am ol cone 
(Tos alo al g-t-1 lal sre mel-]¢- Mia me) om Comm i) 
Or Ok TU Ce ivelimel-lialemer-lgel(-r0| 
during power transients. Simultane- 
ously the DS1260, SmartBattery, 
secures the data with uninterrupted 
power from a Lithium source. 

The Result? Whether the power 
ited (cleo) me (ol-t-mel Ui mio) am UMY(-r- lem loll] g 
system stays intact. 

OF: 11M UT Mate)" ol muslelc-Mialielauur-iifela| 


Ho DALLAS 
SEMICONDUCTOR . 

4350 Beltwood Parkway 

Dallas, TX 75244 

(214) 450-0400 


CIRCLE NO 207 
















































TODAY’S COMMUNICATIONS 
ELECTRONICS HAVE CHOMERICS 
WRITTEN ALL OVER THEM. 





































CHO-SEAL® 
, conductive 
elastomers combine EMI and environmental 
sealing in cellular phone transceivers. CHO- 
THERM® materials dissipate heat and electri- 
cally isolate power transistors. 


CHO-SORB® EMI absorb- 
ers attenuate 10-15dB on 
unshielded cables. 


MESHKLIP™ 
EMI gasketing Je 
with integral Sts 
mounting clip We 
eliminates riveting, ‘ 
punching, and Wa 
additional W 
mounting hardware. 


CHO-MASK™ 


Chomerics custom EMI foil tape with peel-off mask 


engineered lami- 





tesinclude & replaces chromate conversion coating, 
CHOSTRAP™ | plating, and conductive paints. 
insulated ground (i 
straps, and cable 
and PC board © 


shields. X 


Thermally conductive em — oe 
electrically isolating ; oe ee —~ 
CHO-THERM® materials i | = 
reduce labor and eliminate ¥ 
messy thermal grease in 


‘ Chomerics EMI shielded windows 
power supplies. 


maximizing air flow. allow viewing inside cabinetry. 


Today’s rapidly evolving voice, porated into modems, mobile 
data, and video transmission radios, PBX systems, micro- 
systems all have one goal in wave radios, and cellular phone a GRACE company 
common — to transmit and systems. THE LEADER IN SHIELDING 
receive the cleanest signal 7 The signal is clear: for your INNOVATION, DESIGN, AND 
possible. next communications system TESTING TECHNOLOGY. 

At Chomerics, we've been design, make sure EMI 77 Dragon Court 
helping design engineers shielding, sealing, bonding, Woburn, MA 01888 
guarantee the performance grounding, and heat transfer TEL: (617) 935-4850 
and integrity of theircommun- components have Chomerics TWA: 710-393-0173 
ications electronics designs written all over them. Chomerics Europe, Inc. 
through materials technology. First Avenue 

Over the past 25 years our Circle the number or call on as hal 
full line of materials and (617) 935-4850 for additional ie 

; : ; SL7 1YA ENGLAND 

product forms have beenincor- _ information. TEL: (06284) 6030 
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Tek’s Language Develop- 
ment System (LANDS) is 
a complete, proven path- 
way from design to final 
hardware/software integration. 
Available in “C” or Pascal for the 
DEC VAX™ under VMS or UNIX” 
LANDS lets you edit, compile, link 
and debug code for Motorola 
68000 and Intel 8086/80186 em- 
bedded processors. 


Integrated by methodology and 
language, LANDS can pare 
development costs, speed mar- 
ket entry and improve product 
quality. A unique Language Edi- 
tor excludes syntax errors from 
the compiler. The compiler thus 
accepts edited code without the 
cumbersome rechecking delays 
required by conventional 
systems. 


An Integration Control System - : 


dramatically shortens dis- 
tances between coding and 
emulation. By automating the 





error-prone task of assembly lan- 
Quage coding for initialization and 
interrupt handling, it allows you to 
work swiftly in your high-level lan- 
guage. And it automatically gen- 
erates the linker command file, 
correctly assigning constants, 
variables and instructions from 
your parameters. 

















DEC and VAX are trademarks of Digital Equipment Corporation. 


UNIX is a trademark of AT&T. 


Copyright © 1985 by Tektronix, Inc. All rights reserved. MIA552-1. 
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THE SHORTEST ROUTE 
TO SOFTWARE 
EVELOPMENT. 





With LANDS’ high-level 
language debugger, you 
debug your “C” or Pascal 
program while it executes 
in your prototype. You readily 
detect program errors; correc- 
tions are rapid and precise. 
Throughout the LANDS environ- 
ment, tasks that once took days 
now take hours. 


LANDS is an integral component 
of Tek’s Computer Aided Soft- 
ware Engineering (CASE) pro- 
gram. This growing toolset cluster 
from Tek’s Software Develooment 
Products Division demonstrates 
Tek's commitment to software 
technology. For information on 
LANDS or other CASE products, 
call 1-800-342-5548, or your Tek 
representative today. 





ar From concept to code, 


Tek’s tools take you 
all the way. 





Tektrone 


COMMITTED TO EXCELLENCE 


Circle 136 for Sales Contact 
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EDITED BY TARLTON FLEMING 


Dual one-shot forms frequency discriminator 


Gordon F Rogers 
Bradenton, FL 


Circuits that include a dual, retriggerable, monostable 
multivibrator let you sense a frequency threshold (Fig 
1) or sense when a frequency fy is within preset bounds 
(Fig 2). 

- For threshold sensing, you configure IC,, (Fig 1) asa 
retriggerable pulse generator of frequency fr by selec- 
tion of an external resistor and capacitor (fg=380 Hz in 
this case). Vour is low when fy is less than fr, but the 
duty cycle of IC,,4’s Q; output increases to 100% (dc) as 
fry increases. For this de condition, Q; is high and Q: is 
high, so Vour is high, indicating fiy is greater than fp. 

The 1-kQ resistor delays the Q,; output slightly to 
compensate for the propagation delay through IC,,, 
which will otherwise cause brief output pulses at the fin 
frequency. (Ed Note: To get enough delay, you may 
need a small capacitor (C’) as well.) EDN 
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Fig 1—Two retriggerable one-shots form a frequency limit detector. 
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HIGH IF fi = f = fo; 
LOW IF f < f; OR f > fa 





Fig 2—Parallel one-shots form an indicator circuit that determines 
whether fin is in band or out of band. 


UO 12V 


ICo 
CD4073 
O Vout 
LOW IF fin < fr; 


HIGH IF fin > fr 
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Matched FETs provide balanced modulator 


Richard C Cabot 
Audio Precision, Beaverton, OR 


The balanced modulator circuit of Fig 1 is suitable for 
use with two audio-frequency signals. You can apply 
the carrier to either input (drain or gate port), and you 
apply the lower-frequency amplitude-modulating signal 
to the remaining input. Your choice will depend on your 
application; the drain input provides better feedthrough 
performance (—80 vs —60 dB), but is less linear than 
the gate input. The output is zero with either or both 
inputs removed. 

A matched pair of FETs serves as voltage-controlled 
input resistors for the inverting op-amp stages IC; and 
IC,. Because the FETs’ on-resistance is inversely pro- 
portional to their gate voltage and because the op amps’ 
gain is inversely proportional to the input-resistor 
value, the op-amp gain is proportional to the FET gate 
voltage. Further, the two 2-kQ dividers provide a 
standard method of enhancing the linearity of on- 
resistance with respect to gate voltage. Feeding IC;’s 
output to IC,’s summing junction subtracts the FET 
source currents. And, because the same signal connects 
to each drain, the even-order nonlinearity products 


47 pF = =-2. 80k 12NE5532 


47 wF 


DRAIN 
PORT 
2V rms 


BK, 2NE5532 


cancel—provided that the FETs are properly matched. 
(IC, buffers the drain voltage for use in this linearity 
compensation. You can eliminate the buffer with only a 
small increase in intermodulation distortion between 
the two port signals. ) 

To compensate for different pinch-off voltages in the 
FETs, you adjust overall gain using the 1-k0 potenti- 
ometer in the output stage. Similarly, you compensate 
for small mismatches in the FETs’ on-resistance by 
adjusting the 200 potentiometer near IC; for minimum 
drain-signal feedthrough while maintaining 0V at the 
gate port. A large resistance (2.80 kQ)) in series with 
the FET drains helps to mask further changes in 
on-resistance. | 

Intermodulation products between the two ports 
measure less than —90 dB with the signal levels shown. 
The gate signal’s harmonic distortion is typically —60 
dB and predominantly third order. You can reduce this 
distortion further by tying the 100-kOQ resistor to a 
negative voltage instead of ground, which applies nega- 
tive bias to the FET gates. EDN 
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2.00k 3 
N 


—O OUTPUT 
100 mV rms 


0.01% E5534 


6 
NE5534 


> 





NOTES: 
Qia, Qip IS A MATCHED DUAL JFET, DN399 (INTERSIL), OR EQUIVALENT. 


Fig 1—This balanced modulator for audio frequencies uses the on-resistance of matched FETs as gain-control elements. Intermodulation 


distortion (linearity) is better than —90 dB. 
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value-packed 


fiters 


dc to 3GHz 


from } | 
¢ jess than 1dB insertion loss over entire passband 

¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

e VSWR less than 1.7 (typ) | 

- over 100 models, immediate delivery P.O, Bon 166, Brooklyn: New York 11858 (718) 984-4806 

‘ meets MIL-STD-202 Domestic and International Telexes: 6852844 or 620156 

¢ rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 

¢ BNC, Type N, SMA available 











450 | 550 | 600 | 750 1000 





LOW PASS Model 

































































Min. Pass Band (MHz) DC to 98 | 140 | 190 | 270 | 400 | 520 | 580 | 700] 780} 900 

Max. 20dB Stop Frequency (MHz) 119 | 70 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000! 1100! 1340 

Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 

HIGH PASS Model 50/} 100 | 150 | 200 | 300| 400| 500| 600| 700; 800; 900/ 1000 

Pass Band (MHz) start,max.| 41] 90 | 133 | 185 | 290) 395] 500|) 600} 700) 780| 910 | 1000 
end, min.| 200| 400 | 600 | 800 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200 


Min. 20dB Stop Frequency (MHz) | 261! 55 95 | 116 | 190! 290! 365! 460! 520! 570! 660! 720 
Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 
Prefix P for pins, 6 for BNC, IN for Type N, © for SMA CIRCLE NO 209 C105 REV. ORIG. 
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Lamps improve solenoid-driver efficiency 


John A Haase 
Colorado State University, Fort Collins, CO 


A simple solenoid driver (Fig 1) uses incandescent- 
lamp filaments to limit power consumption. As a wel- 
come side effect, the lamps also serve as on-indicators. 
High magnetic reluctance (opposition to flux) in the 
coil of an armature-driven device (solenoid, relay, etc) 
calls for a surge of activation current, followed by a 
lower de level to remain on (surge to on-current ratio is 
typically 5:1). You can roughly approximate this current 
requirement by connecting a lamp filament in series 
with the coil. The cold filament allows a surge of 
coil-activation current to pass through; as the filament 
heats up, it throttles the current to a more reasonable 
hold value. 
The solenoid driver circuit in Fig 1 offers these 
features: 
@ SV logic swings turn the power-MOSFET switch 
(Q;) fully on and off. 
@ Two low-cost flashlight lamps in parallel handle 
the peak current. Because their de current is only 
00% of peak and because they operate at 60% of 
their rated voltage, the lamps have an operating 
life of 12,000 hours. Further, the lamp filaments’ 
positive temperature coefficients raise each fila- 





1N4001 


Qi 
RFP2NO8L 





Fig 1—This solenoid driver uses PR-12 flashlight lamps to limit the 
coil’s on-current. Five-volt logic swings control power MOSFET Q,. 


ment’s resistance, which eliminates current-hog- 
ging problems and provides short-circuit protec- 
tion. 

@ Steady-state on-current is 700 mA (vs 1700 mA 
without the lamps). 

@ A 4.6V min supply rating allows battery opera- 
tion. EDM 
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Switching supply is small and efficient 


Doug Farrar 
Apple Computer Inc, Cupertino, CA 


Using inexpensive components, you can build a 15W 
(8A at 5V) switching supply (Fig 1) that fits easily on a 
2x3-in. area of a pe board. The circuit converts 12V to 
5V+2% and has an efficiency greater than 85%. Fur- 
ther, a bootstrap technique (“Circuit improves switch- 
er’s efficiency,” EDN, September 19, 1985, pg 242) 
allows the use of an efficient n-channel power MOSFET 
as the switching transistor. 

Components R, and C; set the operating frequency 
(100 kHz) of PWM switching regulator IC,. This regula- 
tor controls the switching transistor (Q,) via a bootstrap 
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network consisting of Qs, Q3, Re, Rs, D,, De, and Co. 
Bootstrapping provides approximately 28V of gate 
drive and thus permits use of a MOSFET (Q,). 

The main output filter consists of the lowpass net- 
work Li, Cs, C7, and Cs. Le and Cy provide additional 
lowpass filtering for higher frequencies, and the result- 
ing output ripple is less than 100 mV p-p. The inductors 
are wound on low-cost powdered-iron torroids to mini- 
mize the generation of external magnetic fields. 

If Q:’s source current exceeds 4A (corresponding to a 
de load current of about 3.5A), the voltage across Rs 
and R, causes IC; to enter its current-limit mode. The 
Schottky rectifier D; functions as a catch diode to 
improve regulation efficiency. 
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MICRO CAP and MICRO LOGIC 
put your engineers on line... 


not in line. 2* 
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“> 4 —~ 
ee uno” y “Typical MICROCAP Transient Analysis” “Typical MICROLOGIC Diagram” 
—! 3 
How many long unproductive hours works. In addition, you get even more Reviewers Love 
have you spent “in line” for your simula- advanced device models, worst case capa- These Solutions 


bilities, temperature stepping, Fourier 


tion? Well, no more. MICROCAP and . ae 
analysis, and macro capability. 


MICROLOGIC can put you on line by 


Regarding MICROCAP ... “A highly 
recommended analog design program” 


turning your PC into a productive and (PC Tech Journal 3/84). “A valuable tool 
cost-effective engineering workstation. for circuit designers” (Personal Software 
Both of these sophisticated engineering Magazine 11/83). 
tools provide you with quick and efficient MICROLOGIC: | Regarding MICROLOGIC... “An effi- 
solutions to your simulation problems. Your Digital Solution cient design system that does what it is 
And here’s how. | supposed to do at a reasonable price” 
MICROLOGIC provides you with a (Byte 4/84) 
MICROCAP: similar interactive drawing and analysis 
- j iDi i MICROCAP and MICROLOGIC are 
Your Analog Solution oe ie “pura ap einch ae available for the Apple II (64k), IBM PC 
. MICROCAP is an interactive analog logic diagrams of up to 9 pages with each : ee ae Sa) sea 
circuit drawing and simulation System. containing up to 200 gates. The system versions are available for $75. 
It allows you to sketch a circuit diagram automatically creates the netlist required MICROCAP Il is available forthe 
right on the CRT screen, then run an AC, for a timing simulation and will handle Macintosh, IBM PC (256k), and HP-150 
DC, or Transient analysis. While pro- networks of up to 1800 gates. It provides systems and is priced at $895. Demo 
viding you with libraries for defined you with libraries for 36 user-defined versions are available tor $100. 
models of bipolar and MOS devices, basic gate types, 36 data channels of 256 Demo p pises are cr edited to the 
Opamps, transformers, diodes, and much _ pits each, 10 user-defined clock wave- daa Ciacci 
more, MICROCAP also includes features forms, and up to 50 macros in each net- Now, to get on line, call or write today! 
not even found in SPICE. | work. MICROLOGIC produces 
MICROCAP II lets you be even more high-resolution timing diagrams showing Spectrum Software 
productive. As an advanced version, it selected waveforms and associated 1021 S. Wolfe Road, Dept. E 
employs sparse matrix techniques for delays, glitches, and spikes—just like the Sunnyvale, CA 94087 
faster simulation speed and larger net- real thing. (408) 738-4387 
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An RC network (R;, Re, Rz, C3, Cy, and Cs) provides current. With a small heat sink (in this case a Ther- 
frequency compensation for the regulator loop. Loop malloy THM 6025), the rise is about 9°C/A. EDN 
gain is 36 dB at 60 Hz, 30 dB at 120 Hz; phase margin is 
60° at unity gain (4.5 kHz). | 

The regulator generates little heat. Without a heat 
sink, Q,’s case temperature rises about 14.5°C/A of load To Vote For This Design, Circle No 747 











Q; 
MTP3055A 


D3 
1N5820 
3A, 20V 


Vout = 5V, 
0.5 TO 3A 


+| Cg 


Co 100 pF 
0.1 ail 10V 


Rs C3 ? 
15k 0.0068 pF 


NOTES: 
L1—45 TURNS #20, WOUND ON MICROMETALS'’ T68-8. 


Lo—9 TURNS #20, WOUND ON MICROMETALS’ T44-26. 
Ce, C7, Ce—UNITED CHEMICON CORP TYPE SXA OR EQUIVALENT. 





Fig 1—A switching regulator uses a PWM regulator IC and, for the switching transistor, an efficient n-channel MOSFET. The circuit 
converts 12V to 5V+2% and boasts better than 85% efficiency. (At 1A, efficiency is about 88%.) 


Square-root algorithm is fast and simple 





Robert D Grappel or the shift-and-subtract algorithm. Shift-and-subtract 
MIT Lincoln Laboratory, Lexington, MA routines are usually written in assembly language and 

are therefore fast, whereas the Newtonian-iteration 
Most software routines for the calculation of square routines are easy to express in high-level languages, 
roots are based on the Newtonian-iteration algorithm but run somewhat slower. A third algorithm, however, 
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The need to mount LED indicators onto 
printed circuit boards can create costly 
production problems. General Instrument 
Lamp Division offers a whole family of 
time-saving, profit-making solutions. 


Our pre-assembled LED indicator packages, 
delivered on-time, on-spec and ready for 
ONE-STEP installation, can increase your 
production rates while reducing the cost of 
inventory, equipment and labor. 


Here's a new angle on right angle 


LED mounting. Our StatusPak™ system 


lets you mount from one to 12 right 
angle LEDs as a single 
unit. Choose from 
over 500,000 combin.- 
ations of 10 LED colors, 


brightness intensities up to 60mcd, 
wide or narrow viewing 


angles and positioning. 
Select T-1 or 71% LEDs. 


Fach StatusPak is unitized and vibration 





resistant to ensure maximum stability during 


and after mounting. Housings are black to 
provide high contrast with LEDs. 


StatusPak also is available with 





vertical or horizontal positioning. 
Ideal for bar graphs, function and status 





~ Ighting. 





our SpaceSetter™ system reaches 
new heights in convenience and 


economy. Individual T-1 and 7-1% LEDs 
feature an integral mounting 
spacer, provided to the 
exact length from .200" 
to .900", and ready for 
easy mounting. No more 
trouble with assembling 
separate LEDs and “dough- | 
nut” type spacers. 





GENERAL 
INSTROMENT 


Lamp Division 


The reasons to switch are mounting. 





rectangular LEDs, in your choice of 


modes, and hack- 


Where vertical mounting is needed, 








or dual-in- line 
packaging. 
Perfect for 


through panel 


displays. 


And when you need to mount from 
two to 12 LEDs at‘a preset height, 
use our SpaceSetter MultiPak. We'll 
ship these units to you pre-assembled, 
arranged in any color sequence, 
with single-in-line 
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It is easy to see how StatusPak 
and SpaceSetter Circuit board indt- 
cators can help you turn mounting 
problems into mounting profits. Call General 
Instrument Lamp Division today at 
312/784-1020 or write Mr. Dan Savocchia 
at 4411 N. Ravenswood Ave., Chicago, IL 
60640. We'll send you complete information 
and the names of authorized distributors in 


your area. 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 

Title 

Company 
Division (if any) 
Street | 
City 

Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. | 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 


Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 





is fast and is easy to express in a high-level language as 
well. 

The basis for this algorithm is a mathematical theor- 
em stating that a perfect square is equal to the sum of a 
sequence of odd integers, and the number of terms in 
the sequence gives the integer square root. (For exam- 
ple, the sum of the first five odd integers is 25.) The 
following C function shows how easily you can express 
this algorithm in high-level form: 


int square _root(arg) int args 


x 
4 


int sqQs 
it (arg == 0) return OF /* Special cases ¥/ 
for (sq = 15 sq * arg; sq += 3) 
arg -= 8q3 
return ((sq + Li/sh: /# round count #*/ 


% 
) 


This routine returns a square-root value quickly for 
small arguments, but slows as you increase the size of 
the argument. 

You can also code this algorithm very efficiently in 
assembly language, as illustrated in the following sub- 
routine for the 68000 wP: 


SURT TST.L DO ARGUMENT == 07 
| BEQ.S SQRTN YES, RETURN: IT 
= 
MOVE.L D1,-(A7) SAVE Di 
MOVEG #-1,D1 INIT. GDD 
+ 
Loor ADDg.L #2,D1 NEXT ODD INTEGER 
SUB.L D1, DO DONE YET? 
BBT.S LOOF IF NOT, LOOF 
* 
ADDO.L #1,D1 ROUND UF 
LSR.L #1,D1 
MOVE.L D1, DO RETURN IN DO 
MOVE.L (A7)+,D1 RESTORE D1 
SORTN RTS 


The calling routine passes the unsigned 32-bit argu- 
ment to the subroutine in register DO, and the subrou- 
tine returns the square root in that same register; all 
other registers are preserved. This routine requires 
about 100 clock periods for an argument of 4, 290 
periods for an argument of 100, and 1480 periods for an 
argument of 4096. For comparison, a 68000 shift-and- 
subtract routine (Dr Dobb’s Journal, May 1985, pg 
122) requires between 1480 and 1882 periods, depend- 
ing on the size of the argument, and it doesn’t preserve 
the working registers. EDN 
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IN OPTO COUPLERS, 








CURRENT TRANSFER RATIO 


ISTHE DIFFERENCE | 


White mold — Toshiba’s patented material — 
makes possible the highest current transfer ratio 
available — up to 600% for transistor output. 
With correspondingly lower driving current, 
longer life and greater reliability. 

This kind of technological superiority is one 


reason why Toshiba is the world’s largest maker | 


of opto couplers. 

But whether you want high CTR, isolation 
voltage up to 5000V AC — or speed up to 10 
MHz — with UL and VDE/BSI approvals, you 
want Toshiba. 

Call or write today for Toshiba’s Opto 
Coupler product summary. 





SOME TYPICAL PHOTOCOUPLER APPLICATIONS 


(Call for a on Additional Products) 
PROGRAMMABLE ae INVERTER OFFICE 
CONTROLLER SUPP AUTOMATION COMMUNICATION 
TLP620-4 4N35_|TLP581| 4.56 N35 
TiPs3s Tpaodk 


TR OUTPUT 4N35 
TLP535 TLP535 | TLP633 


Gy a 
Pswsen [uase[[[ 
rea | ane Aaa] [ne 
rata [ae | pee ee 


TOSHIBA OPTO COUPLERS. 
THE DIFFERENCE BETWEEN BLACK AND WHITE. 


TOSHIBA AMERICA, INC., 2692 DOW AVENUE, TUSTIN, CALIFORNIA 92680. AREA SALES OFFICES: WESTERN AREA, TOSHIBA AMERICA, INC., (714) 832-6300; CENTRAL AREA, TOSHIBA AMERICA, INC., (312) 945-1500; EASTERN 


AREA, TOSHIBA AMERICA, INC., (617) 272-4352. 


DISTRIBUTED NATIONWIDE BY TIME ELECTRONICS, INC.: ARIZONA, TIME ELECTRONICS, (602) 967-2000; CALIFORNIA, ITAL ELECTRONICS, (714) 990-0922, TIME ELECTRONICS, (714) 937-0911, (818) 998-7200, (619) 586-1331, 
(408) 734-9888, (213) 320-0880; COLORADO, TIME ELECTRONICS, (303) 799-8851; CONNECTICUT, TIME ELECTRONICS, (203) 271-3200; FLORIDA, TIME ELECTRONICS, (305) 974-4800, (305) 841-6565; GEORGIA, TIME 
ELECTRONICS (ELECTRO AIR), (404) 351-3545, (404) 448-4448; ILLINOIS, TIME ELECTRONICS, (312) 350-0610; MARYLAND, TIME ELECTRONICS, (301) 964-3090; MASSACHUSETTS, TIME ELECTRONICS, (617) 532-6200; 
MINNESOTA, TIME ELECTRONICS, (612) 944-9192; MISSOURI, TIME ELECTRONICS, (314) 391-6444; NORTH CAROLINA, TIME ELECTRONICS, (704) 522-7600; NEW YORK, TIME ELECTRONICS, (516) 273-0100, (315) 432-0355; OHIO, 
TIME ELECTRONICS, (614) 761-1100; OREGON, TIME ELECTRONICS, (503) 684-3780; PENNSYLVANIA, TIME ELECTRONICS, (215) 337-0900; TEXAS, TIME ELECTRONICS, (214) 241-7441, (713) 530-0800; UTAH, TIME ELECTRONICS, 


(801) 973-8181; WASHINGTON, TIME ELECTRONICS, (206) 882-1600. 
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© 1986 Toshiba America, Inc. 
249 








DC/DC CONVERTERS. 
SMALL IN SIZE. BIG IN POWER. 




















COMPACT DC/DC 


results ina 
CONVERTER MTBF in excess 
UNITS of 200 years. 
The PKA Series EASILY | 
of 25-40W DC/ PARALLELED 
DC converters Balanced load sharing 
are extremely for higher, more flexible 
lightweight, or redundant 


compact units, 
having single, dual and triple 
outputs with +24V or -48V 


power. 


AUTOMATED 


inputs. - MANUFACTURE 

BEAUTIFULLY ANDTEST | 

SIMPLE Automated production, » 
assembly and test pro- 


MATCHLESS PRICE, cedures provide 


continuity of man- 
PERFORMANCE, DELIVERY. © uiacture, ensur 
ing consistent 

/ — reliability, 
performance 










offers very high power 





- density in a cost- 
© effective package. and avail- 
~ Highly efficient, | ability. This 
Complete with no derating of the _ series of stan- 
units which are output power from -45°C dard DC/DC 
simple to use and are to +85°C. ca | t . ; rapa 
directly pc board or chassis available off-the-shelf. For 
mountable. No extra compo- ULTRA RELIABILITY a free, life-size mechanical 
nents. And noextracooling. |= The unique hybrid design sample, write Rifa Inc., 
and production techniques Greenwich Office Park 3, 
POWER PLUS employed yield extremely PO. Box 3110, Greenwich, 
With a switching frequency cool operation and low CT. 06836-3110. Or call 


of 300 KHz, the PKA Series component stress, which (203) 625-7300. 


Fears ... 


ERICSSON 2 RIFAisamember of the Ericsson Group. 
See us at Electro Show Booths 1612-1617 
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Who brings you even more designer 
enclosures than ever before? 


Who but Hoffman. including top and bottom. nearly flush, oil-tight latches. 

We’ dded . All DesignLine Enclosures pro- 3. Oil-resistant gaskets are held 
e ve aaded more sizes vide a number of unique features: in place with oil-resistant 

and styles to give you 1. Covers and doors are easily adhesive. — 

even more flexibility removable and interchangeable. 4. ‘Textured beige polyester 

in your enclosure 2. Doors are held closed by powder coating is electro- 


statically applied on phospha- 
tized metal surfaces. 


D. Wide choice of options and 
accessories. 


specification. 


Things haven’t changed. You still 
need to protect those delicate com- 
ponents from dust, dirt and other 
contaminants. But you still want 
that protection te-blend aesthetically 
with your high-tech equipment 
design. 

Hoffman engineers have expanded 
their DesignLine™ series to include 
more sizes of Instrument Enclosures 
and NEMA Type 13 units. They 
have also added five new Electronic 
Rack Enclosures to accommodate 
19 inch or 24 inch rack mounted 
electronic equipment. Plus six mod- 
ular and gasketed Environmental 
Electronic Enclosures with func- 
tional openings on all sides, 


For complete specifications and 
applications information, contact 
your Hoffman representative. Or 
contact us. 


Sees 


mie 
Feu 
Seats 


aH 





Your informed source. 





HOFFMAN ENGINEERING COMPANY 
Division of Federal Cartridge Corporation 
Anoka, Minnesota 55303. (612) 421-2240 

Dept. EDN-852 
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This EL Shopping Guide comes to you 


How tO put a whole new light on courtesy of Endicott Research Group, 


your next product design. 





Wafer-thin, energy-efficient electrolumines- 
cent lamps, made in a variety of shapes and 
colors, have opened the doors on virtually 
limitless design options for automotive, archi- 
tectural, aviation instrumentation, marine, 
safety, and novelty products. They’re used 
both for primary and secondary light sources, 
and for signaling and decorating in a host of 
consumer, industrial and military applications. 
Throw a whole new light on your product 
design with EL — electroluminescence. 





EL backlighting enhances the aesthetics of 
touch-activated switches and keyboards. 
Creates better legibility in low ambient light 
conditions, too. Choose the “membrane” 
switch format which suits your design: flat, 
bubble top or keytop. 


(Bee eS 


Inc., innovators of commercially feasible 
Smart Force™ power for electrolumi- 
nescent lighting. 





Against EL backlighting, LCD (transmissive or 
transflective) characters can be seen in low 
ambient light conditions. Particularly useful in 
instrument panel applications! LCD’s can be 
ganged against large scale EL panels for multi- 
ple alphanumeric information displays which 
offer design and economy advantages versus 
CRT and screened image information displays. 









Initial brightness vs. time: 








jot eee EL brightness powered by 
lie “smart force” 


aE __] 
Typical EL brightness 








012 3 4 5 6 7 8 9 10 
hrs. x 100 


Luminescent Systems #20014-2 EL 
lamp (16 IN?) and ERG E613 - E0003 
inverter (VIN = 12V). 


: Patent pending 


This DC-to-AC inverter overcomes the brightness 
loss characteristic of EL lamps. Because it auto- 
matically adapts its own voltage and frequency 
over the course of EL lamp life, this Smart Force 
DC-to-AC inverter delivers constant power output, 
maintaining essentially constant lamp brightness. 
We'll be glad to help you determine the specs on 
your DC-to-AC inverter needs. Refer to our EL 
power “spec starter” sheet. 


MasterCard 
ALTA 





2601 Wayne Street, PO Box 269, Endicott, NY 13760 
607-754-9187 TWX510-252-0155 
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You are looking at the source behind 
Tokin’s expanding EMC services. 


All technology at Tokin begins with basics, in the very standards. The EMC standards including the FCC, 
materials that make electronic progress possible. The CISPR and VDE, as well as the safety standards of the 
EMC product on the right is a direct beneficiary of that UL, CSA and VDE/TUV. 

slice of ferrite on the left. Achievements worthy of quiet satisfaction. 

This solid background in magnetic materials and de- 

vices coupled with an irresistible urge to move forward, alg ci opines ea ene et sea nree ance 


has made Tokin one of the premier exponents in the The EMC technical services available through our ETCL in San Jose, Calif. include measure- 


war against electronic noise ment and countermeasures conforming to international standards such as FCC and CISPR in 
: addition to Japanese and other standards, also the prototype development of EMC and 


Our EMI/EMC Power-line Filters and Data-line Filters Transformers/Inductors Components. For details contact Tokin America Inc. 
have achieved compliance with exceedingly strict 


EMI/EMC Power-line Filters EMI/EMC Data-line Filters 


22, 


GL-EP type MA type GL-F type SC-J type SU-Coil ST-Series DIP-Filter Filter ESD-R Bead ESD-FPL 
Capacitor type Inductors type 


‘Tokin Corporation 


Head Office: Hazama Bldg., 5-8, Ni-chome, Kita-aoyama, Minato-ku, Tokyo 107, Japan 
Tel.: Tokyo (03) 402-6166 Telex: 02422695 TOKIN J 


Tokin America Inc. 
2261 Fortune Drive, San Jose, California 95131 U.S.A. Tel.: 408-946-4887 


You can reach our agents by phone: 
London (01) 837-2701; Paris (1) 534-7535; Milan (0331) 67-8058; Munich (089) 59-4621: Seoul (02) 777-5767; 


Taipei (02) 731-1425; Hong Kong (3) 31-5769; Singapore 747-8668; Sydney (2) 922-7566 
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WE THINK YOUR CAREER 
NEEDS SOME CLOSE ATTENTION. 





Thats why we've created EDN Career News. It's the one 
publication focused entirely on the career concerns of 
electronics engineers. And it’s the added source you need tofind 
new career opportunities. 


EDN Career News expands EDN’s career coverage with the same 
first-rate editorial that’s made EDN first among electronics 
engineering publications. Career News looks at the legal and 
government-related issues affecting the electronics industry. And 
at personal growth issues to help you reach your professional 
potential. 


Join the 300,000 electronics engineers and engineering 
managers who pay attention to EDN Career News each monn. If 
will make a difference in your career. 








For Professional Growth and Development 


Roberta Renard, National Sales Manager 
475 Park Avenue South, New York, N.Y. 10016 (212) 576-8045 


Cahners Publishing Company 


e Publishers of 35 specialized business magazines in Building & Construction 
e Electronics & Computers ¢ Foodservice ¢ Manufacturing « Medical/Health Care 
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NEW PRODUCTS: COMPUTER-AIDED ENGINEERING 








IC LAYOUT 


The Princess system provides an 
integrated package, from schematic 
entry to layout, for full-custom, 
semicustom, standard-cell, and 
gate-array designs. When using the 
software, you perform normal input 
via hierarchical on-screen menus or 
via the keyboard. You can customize 
the package with programmable 
function keys, macrocommands, or 
batch files. An interface to the 
NCA’s FDR format facilitates mask 
data preparation. The system runs 
on DEC minicomputers and work- 
stations and on Apollo workstations. 
$25,000. 

Silvar-Lisco, 1080 Marsh Rd, 
Menlo Park, CA 94025. Phone (415) 
324-0700. 
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IC TESTER 


A parametric measurement unit 
(PMU) incorporated into the Logic 
Master Series allows you to mea- 
sure and verify physical parameters 
of prototype ICs. Parameters in- 
clude input current, output voltage 
levels, output current or drive capa- 
bility, and input-voltage level sensi- 
tivity for high and low logic levels. 


EDN April 17, 1986 


The unit includes a switching ma- 
trix-verification station for creating 
a fixture for the device under test. 
The matrix allows the user, under 
program control, to disconnect the 
tester’s drivers and receivers from 
the device and then connect the 
unit’s sockets to the desired pins of 
the IC for measurement. A software 
feature, Auto-Measure, automati- 
cally develops a parametric test se- 
quence covering every pin on the 
device under test. After the test has 
run, a report is issued with the 
measurement results. Two versions 
of the unit are available: The PMU- 
1001 provides a switching matrix to 
support as many as 192 channels; 
the PMU-2001 provides a matrix for 
as many as 884 channels. Both sys- 
tems permit the user to force volt- 
age and measure current, or to mea- 
sure voltage and force current on 
any pin of the IC under test. PMU- 
1001, $19,200; PMU-2001, $31,200. 
Delivery, 16 weeks ARO. | 
Integrated Measurement Sys- 
tems Inc, 9525 SW Gemini Dr, 
Beaverton, OR 97005. Phone (503) 
626-7117. 
Circle No 351 


GRAPHICS DISPLAY 


The 9250 terminal interfaces to the 
MicroVAX II. The terminal pro- 
vides translucent and opaque sur- 
faces; X-, Y-, and Z-axis clipping of 
objects; flat shading; depth cuing; 
perspective; homogeneous transfor- 
mations; and surface textures, pat- 
terns, and meshes. It also edits dis- 
play lists, emulates DEC’s VT 100, 
and highlights objects. $55,000. 
Megatek Corp, 9645 Scranton 
Rd, San Diego, CA 92121. Phone 
(619) 455-5590. 
Circle No 352 


GRAPHICS EDITOR 


Rgraph performs schematic capture 
and physical layout of pe boards and 
ICs. The software supports both 
1024 768-pixel and 640400-pixel 
monitors and offers a selection of 16 





colors from a palette of 4096. This 
graphics editor uses 2-letter mne- 
monics that relate to the English 
commands they represent. Librar- 
ies include TTL, CMOS, analog, and 
ECL. Each database can have nine 
libraries for source entities; each 
library can contain 600 entities. The 
package also features rubber- 
banding and three types of cursor 
controls: mouse, graphics tablet, 
and keyboard. It can generate out- 
put to plotters manufactured by 
Houston Instruments, Hewlett- 
Packard, CalComp, Nicolet, and 
Gerber. A digital simulation pack- 
age is optional. $3000. 

Aptos Systems Corp, 41138 Scotts 
Valley Dr, Scotts Valley, CA 95066. 
Phone (408) 438-2199. 
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PARALLEL COMPUTER 


Configurations of the Balance 21000 
can include as many as thirty 32-bit 
processors. The computer can also 
include as much as 48M bytes of 
memory, 10G bytes of disk storage, 
and as many as 256 terminal lines. 
The system runs at speeds ranging 
from 2.8 to 21 MIPS. The speed of 
the computer increases almost line- 
arly with the addition of processors. 
The Dynix operating system, a 
version of Unix 4.2, supports the 
Unix System V interface standard 
and user interface. $139,000 to 
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lwatsu transiates 3 





years of leadership 
into a line-up of 


unlimited scope 








Presenting multi-channel, multi-function instruments delivering 
extraordinary intelligence, speed and ease of operation. 


CAPTURE SIGNALS UP T0 12.4 GHz with 
lwatsu SAS-8130 Sampling Oscillo- 
scope. Features 2 plug-in sampling 
heads, 10-bit 1k-word memory per 
channel, standard GP-IB, automatic 
waveform search and auto ranging. 
Also saves 15 programs and exe- 
cutes sequentially. 

DIGITALLY STORE 100-MHz SINGLE SHOT 
SIGNALS with lwatsu TS-8123 Stor- 
age Scope. Features 3000 cm/s 


writing speed, 8-bit vertical resolu- 
tion, standard GP-IB and digitizing 
speed of 1200 cm/s [equivalent to 
40 ps (25 GHz) clock]. 

OBSERVE TWO SIGNALS SIMULTANEOUSLY 
with lwatsu DS-8122 Dual Beam 
Oscilloscope with 3 plug-in compart- 
ments. The oscilloscope features 1- 
gun, 2-beam high luminance CRT, 
100 MHz Bandwidth and digital dis- 
play of data. 


USE IWATSU’S GENERAL PURPOSE MAIN- 
FRAME SS-8120 as a 4-channel 100 
MHz oscilloscope, a 4-channel 
| GHz sampling oscilloscope or 
as an 11 MHz spectrum analyzer, 
depending on plug-in selections. 

PLUG-INS include vertical dual-trace 
amplifier, horizontal dual timebase, 
delay line, vertical and horizontal 
sampling units and digital measur- 
ing unit. 


IWATSU INSTRUMENTS INC. 


Instruments of your success. 


See us at Electro Booth #’s 192 — 194 Bay Side 
430 COMMERCE BOULEVARD, CARLSTADT, NJ 07072 PHONE: (201) 935-5220, TLX. 710-989-0255 
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$500,000; upgrade of the Balance 
8000, $39,000. 

Sequent Computer Systems Inc, 
15450 SW _ Koll Parkway, 
Beaverton, OR 97006. Phone (503) 
626-5700. 
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CAE WORKSTATIONS 


The RT PC line of 32-bit work- 
stations includes one desktop and 


three floor-standing models. The 
units contain a 32-bit wP that uses a 
RISC architecture. The  work- 
stations use the company’s Ad- 
vanced Interactive Executive (AIX) 
operating system. As many as eight 
users can share a single work- 
station’s CPU. By adding a PC/AT 
coprocessor card and a coprocessor 
program, you can run programs 
that run on a PC and you can share 
the RT PC’s disk files and displays 
with a PC. The workstation offers a 
choice of three graphics monitors, 
an 8-pen color plotter, and a tape 
drive. Typical stand-alone desktop 
unit, $16,485; typical high-end floor- 
standing model, $19,730. 

IBM Corp, Information Systems 
Group, 900 King St, Rye Brook, NY 
10573. Phone local office. 
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SCHEMATIC CAPTURE 


The Computer-Integrated Electri- 
cal Design Series (Cieds) runs on 
the manufacturer’s 30XX, 43XX, 
PC/AT, and RT PC computers. This 
program, which is a port of Silvar- 
Lisco’s schematic-capture package 
(Schematic Design System), can de- 
velop hierarchical logic designs on a 
5080 that you have connected to a 
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host computer. The package lets 
you create, edit, and list schematics 
and symbols. It offers multiwindow 
interactive graphics, net-list manip- 
ulation, and hierachical-design ex- 
pansion. Interfaces are available to 
other automated design tools, in- 
cluding this company’s Circuit 
Board Design System. Single li- 
cense for mainframes, $75,000; for 


PC/AT, $6000; for RT PC, $8000. 
IBM Corp, Information Systems 
Group, 900 King St, Rye Brook, NY 
10573. Phone local office. 
Circle No 356 


SMD ANALYSIS 
An SMD analysis program projects 
the design feasibility of an SMD 


Our new proto-station 
does the dog work 
while yous concentrate 


The new Global PB-503 PROTO- 
BOARD station eliminates the 
tedious building of redundant 
circuits and connections. The 
designer is free to devote time 
and energy to the circuit being 
designed and tested. 

The PB-503 contains a large 
three-socket breadboarding area, 
plus a function generator, a vari- 
able output power supply and 
eight-LED logic indicators. Also 
built in are debounced push- 
buttons, eight-position DIP switch, 
SPDT switch, 1K and 10K pots, a 


speaker and two BNC connections. 


Everything is connected to the 
breadboarding area through a 





PC board, and access is quick 
and convenient. 

Priced at $275, the PB-503 will 
pay for itself many times over. 

For details and the name of your 
Global distributor, call our 
Customer Service Department, 
toll-free 1-800-572-1028 or write 
Interplex Electronics, Inc., Global 
Specialties Division, 70 Fulton 
Terrace, New Haven, CT 06512. 


Global 
Specialties 


An Interplex Electronics Company 
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project and establishes fabrication 
requirements, manufacturing tech- 
niques, and design parameters. It 
runs on any IBM PC or compatible 
MS-DOS system that includes 512k 
bytes of RAM. $695. 

Animat/USA, 200 Brown Rd, 
Suite 3800, Fremont, CA 94539. 
Phone (415) 659-0105. 
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PC-BOARD ROUTER 


According to the vendor, the Look 
Out router completed the routing of 
a 6-layer 11X7.6-in. board that had 
429 components, 1699 connections, 
and a 0.83 equivalent-IC density in 
just over 10 minutes. The router, 
which is part of the Scicards pack- 
age, features a gridless algorithm 
and can route one, two, three, or 
more traces between pin pads. To 
set the channel and spacing, you 
specify only the component pad size. 
The program can bend traces in 


Cl (85003) A-UE 





channels; it doesn’t violate layer- 
direction preference rules. Before it 
places any traces, the router ex- 
plores all routes, analyzes all chan- 
nels, and determines the best via 
locations. $25,000 for Scicards pack- 
age. 
Scientific Calculations Inc, 7635 
Main St, Fishers, NY 14453. Phone 
(716) 385-6790. TWX 510-254-8546. 
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WIRE-WRAP SYSTEM | 


The PDS 2400 automatic wire- 
wrapping system accepts Future- 


Net schematics. With a wrapping 
speed of 300 wraps/hour, the system 
features daisy-chaining and auto- 
matic error detection and correc- 
tion. The system can handle several 
boards concurrently. An RS-232C 
serial port lets you interface com- 
puters to the system. To use Con- 
vert, the FutureNet translation 
package, you identify the compo- 
nents that you want to use and 
specify the positions of those compo- 
nents. This system accommodates 
30- and 26-gauge wire. PDS 2400, 
$39,950; Convert, $950. 

Mind to Matter Robotics Corp, 
2810 de Miniac, Montreal, Quebec, 
Canada H4S 1K9. 
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68020 WORKSTATIONS 
The Sun-3/50M desktop workstation 
and the -3/52M stand-alone system 


both operate under Unix. The 
-3/50M is a diskless node that inter- 
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faces to a computer network. Evalu- 
ating 1.5 MIPS, the desktop unit 
combines a 15-MHz MC68020 uP, 
4M bytes of memory, and a built-in 
Ethernet transceiver on one board. 
It uses the same 19-in. display that 
the company’s other workstations 
include. Bundled with the system 
are the Suncore and SunCGI graph- 
ics libraries; C, Pascal, and Fortran 
compilers; and Unix system utili- 
ties. The -3/52M combines the fea- 
tures of the -3/50M and a 71M-byte 


disk drive and a 60M-byte, %-in. 
streaming-tape drive. -3/50M, 
$7900; -3/52M, $138,900. Delivery, 60 
days ARO. 

Sun Microsystems Inc, 
Garcia Ave, Mountain View, CA 
94043. Phone (415) 960-7533. 

Circle No 360 


AUTOMATIC ROUTER 


Based on the 68020 pP, the CDX- 
75000 Route Engine-Plus has a 
memory subsystem, which contains 
a 82-bit data path to dual-ported 
RAM and a memory-address capaci- 
ty to 16M bytes. The expanded 
memory capacity of this version ac- 
commodates the routing of boards 
that contain 700 or more equivalent 
ICs. This router uses a multilayer 
routing algorithm, which has been 
implemented in microcode and thus 
accelerates the performance of the 
routing technique. Because the 
router evaluates all layers simulta- 
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neously, it can rapidly find an opti- 
mum trace path for making the con- 
nection. Fewer vias are necessary, 
and traces are shorter than those 
generated by layer-pair routers. 
$77,000. 

Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(303) 444-8075. 
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PARALLEL PROCESSOR 


This expanded version of the Sys- 
tem 6400 is a 12-processor computer 
that performs 72 Whetstone MIPS. 











COMPUTER-AIDED ENGINEERING 





Designed for such applications as 
VLSI chip design, it features a par- 
allel-processing architecture, which 
offers modular expansion. Because 
the system uses ECL and LSI gate 
arrays, it can package a single 
6-MIPS CPU on three circuit 
boards. The system provides as 
much as 4G bytes of virtual address- 
ing space per process. You can ex- 
pand the central computer memory 
to 192M bytes. The system bus, 
Gigabus, is a synchronous, 64-bit- 
wide channel that specs a system 
bandwidth of 820M bytes/sec. The 
system incorporates three operat- 
ing systems: EMBOS, this compa- 
ny’s proprietary operating system; 
Unix BSD 4.3; and Unix system V. 
The computer can compile Fortran, 
Pascal, Cobol, and Mainsail pro- 
grams. $3,000,000. 

Elxsi, 2334 Lundy Pl, San Jose, 
CA 95131. Phone (408) 942-0900. 
TLX 1723820. 
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PC-BOARD ANALYSIS 


The Printed Circuit Board Analysis 
Program runs on any IBM-compati- 
ble MS-DOS system. The program 
estimates the board requirements, 
costs, and manufacturing parame- 
ters of pe boards. It includes file 
utilities for printing, storage, and 
retrieval from hard disk. The pro- 
gram will report IC equivalency, 
density, and feasibility of the de- 
sign, and specifically define the 
level of difficulty using 2-, 4-, 6-, 8-, 
or 10-layer boards. Job-cost esti- 
mates and models can be reviewed. 
$99. 

Animat/USA, 200 Brown Rd, 
Suite 300, Fremont, CA 94539. 
Phone (415) 659-0105. 

Circle No 523 


TAPE EMULATOR 

Disk-A-Tape, a punched-tape emu- 
lator, is available in a ruggedized 
5Y%-in. disk version and a 3%-in. 


OEM quantities 


One Canon Plaza 
Lake Success, NY 11042” 
(516) 488-6700 ¢ Telex 96-1333 
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Need a Stepper? 
We have three new frame sizes to offer! 


e Low in cost, high in performance 
© Modifications of standard units available in 


° Step angle 7.5 degrees 
¢ 35mm, 42mm and 55mm diameters 


¢ Non grain-oriented, radial grain-oriented and 
multi-pole grain-oriented magnets 


e 4 phase, operating in a 2-2 driving mode 

e Rated voltages of 12 or 24 volts 

e Maximum pull-in pulse rates 250 to 600 pps 
¢ Maximum pull-out pulse rates 260 to 720 pps 
© Holding torques 110 to 1500 g-cm 

¢ Detent torques 30 to 150 g-cm 

e Rotor Inertia 4 to 40 g-cm? 

e Weights 100 to 280 grams 


For complete technical information, call or write 


CANON U.S.A. INC. Components Division 
New York Office/Headquarters 


See us at ELECTRO 86 at Booth #2941-2943 


protected rigid-disk configuration. 
Both versions feature a positive air- 
flow filtration system that prevents 
contamination from foreign matter. 
The tape emulator replaces both pa- 
per-tape readers and punchers. You 
can attach the tape emulator to nu- 
merically controlled machines with- 
out adding any hardware. The 5%- 
in. disks can store as much data as 
3000 ft of punched tape; the 3%-in. 
version stores as much as 6000 ft. 
The emulator reads and punches 
data at 1500 cps when operating as a 
parallel reader or puncher. Both 
versions fit on 19-in. instrument 
racks and include parallel and RS- 
232C ports. 5%-in. version, $2995; 
3%-in. version, $3095. 

Wire Graphics Inc, 95 Sherwood 
Ave, Farmingdale, NY 11735. 
Phone (516) 293-1525. 
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Santa Clara Office 

4000 Burton Drive 

Santa Clara, CA 95054 

(408) 986-8780 © Telex 17-1961 
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Elographics 
F274 

Touch 
Screen 


ELOGRAPHICS 
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Give Your 
Computer 
ystem 
the Right 
louch 















Your customers are looking for improved human-computer inter- 
faces. With the E274 Touch Screen, your computer system will offer 
just that. And people will want to use it again and again. 


Why? Because the E274 is a natural operator-computer interface. It 
responds to your finger’s slight pressure exactly the way you expect. 
Without delayed, premature, or accidental triggering. With any 
pointing device you choose — finger, gloved finger, ball-point pen, 
or stylus. 


And you won't need to redesign your system. Elographics has touch 
screens to fit most CRT’s from 5 to 25” diagonal and makes custom 
shapes and sizes. Both RS232 and PC bus controllers are available. 


To find out more about the E274 and its million-touch durability, 
harsh-environment reliability, and .003” resolution, get in touch 
with us. 


We'll give your computer system the right touch. 





105 Randolph Road Oak Ridge, Tennessee 37830 Telephone: (615)482-4100 
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STACK THE 
CARDS IN 
YOUR FAVOR 


Average contact insertion forces of one ounce ease 
the task of parallel board stacking. 








The KS Series connectors incorporate sockets on 
one side and socket tails serving as mating pins on 
the other. Printed circuit boards can be placed one on 
top of another with all electrical connections between 
boards routed through the stacking connectors. 


aH EEE 





Hypertronics’ connectors utilize the Hypertac® 
contact design, a hyperboloid shaped socket. The 
Hypertac® is formed by multiple wires that stretch 
and wrap around the mating pin to create multiple 
contact paths. This design results in several major 
advantages: 


® contact resistance as low as .0005 ohms 


@ extremely low insertion/extraction force (as low 
as Y2 ounce) — 


@ absolute continuity under extremes of shock and 
vibration (tested below 10 n.s.) 


® extended life exceeding 100,000 cycles with 
consistent repeatability 


For more information on these versatile connectors, 
call Toll Free 1-800-225-9228, or write for a copy of 
our complete 1986 catalog. 


HYPERTRONICS 
CORPORATION 


16 Brent Dr., Hudson, MA 01749-2904 
Telex 95-1152 Canada & MA 617-568-0451 
Toll Free 800-225-9228 


“NEW HORIZONS IN CONNECTORS” 
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TERMINAL 


The Model 1222 display terminal 
features windowing capabilities and 
a variety of terminal emulations. 
One windowing function lets you 
store data in two small windows; 
another function indicates the arriv- 
al of electronic-mail messages. You 
can also store more than 1000 char- 
acters in any of the terminal’s four 
windows. The unit has a key lock for 


security; for even greater protec- 
tion, you can use an optional soft- 
ware-based password to prevent un- 
authorized access to programs. You 
can specify either coaxial-cable or 
twisted-pair wire connections. The 
Model 1222 provides asynchronous 
communications through optional 
terminal emulations, including DEC 
VT 100, HP 2624B, Hazeltine 1510, 
and Televideo 950. Keyboard is in- 
cluded. $2866. 

Lee Data Corp, 7075 Flying 
Cloud Dr, Minneapolis, MN 55344. 
Phone (612) 828-0300. 

Circle No 362 


INK-JET PRINTER 


The JX-720 color ink-jet printer 
uses four ink cartridges to produce 
as many as 256 color combinations. 
An automatic printhead cleaning 
station minimizes nozzle clogging. 
The design of the ink reservoirs 
prevents you from splashing ink 


when you refill them. The printer 
uses 8%xX11-in. cut sheets, over- 
head-projector transparencies, or 
roll paper. The J X-720 prints text at 
85 eps and fills a 1024x1024-dot 
color-image page in 2.2 minutes 
with a 120-dots/in. resolution. You 
can connect the printer to your com- 
puter via a Centronics parallel in- 
terface. $1495. 

Sharp Electronics Corp, Sys- 
tems Div, 10 Sharp Plaza, Paramus, 
NJ 07652. Phone (201) 599-3856. 

Circle No 363 





NETWORK CONTROLLER 


The Model 2122 features data-trans- 
mission speeds that reach 56k bps 


You Don’t Need a Thousand Words 
When You Have a Picture Like This! 


ie aarekelome lore a 


demonstrated here Is re- 
quired by your customers... 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 
You can provide it! While 
other video monitor venders 
claim, ‘about 100 + MH2Z"’ 
video bandwiath, * Video 


Large Image Area 


Monitors, Inc. provides it! 
While other vendors claim, 
full gray-scale color capabill- 
ty,’ VMI delivers it! 


And if your customers or sities aided 
you need semi-custom or ERAONCIK Desig 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 


resolution monitors. 


3933 North White Avenue 
Fau Claire. Wisconsin 54703 


*35 NS max rise & fall time measured at CRT cathode (715) 834-7785 
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COMPUTERS & PERIPHERALS 





for distances ranging as far as 7.5 
mi. The 2122 supports 4-wire net- 
works in both full- and half-duplex 
communications, as well as 2-wire, 
half-duplex networks. You can se- 
lect synchronous operating speeds 
of 40k, 48k, 56k, and 64k bps. To 
ensure accurate data transmission, 
an automatic equalizer compensates 
for circuit distortion. The unit also 
features remote and local diagnos- 
tics and can generate internal test 
patterns. It is available in a stand- 
alone and a card version. $875. — 

Codex Corp, 20 Cabot Blvd, 
Mansfield, MA 02048. Phone (617) 
364-2000. 
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HANDHELD COMPUTER 
Weighing less than 2 lbs, the HP-94 
handheld industrial computer fea- 
tures an 80C88 pP that supports 
programming in Basic and assembly 
language. Its 4-linex20-character 
LCD lets you monitor the comput- 
er’s operation. The ruggedized unit 
runs on batteries. Its built-in RS- 
232C interface lets you communi- 
cate with a host computer. The unit 
also supports bar-code wands for 
data entry. The standard model 
comes with 64k bytes of RAM, ex- 
pandable to 256k bytes; you can also 
add ROM and EPROM to a maxi- 
mum of 128k bytes. An optional 
electroluminescent display lets you 
use the HP-94 in the dark. $1295. 
Hewlett-Packard Co, 1020 NE 
Circle Blvd, Corvallis, OR 97380. 
Phone local office. 
Circle No 365 
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MILWAUKE 








"C - SERIES 
GENTRON POWERTHERM® 


FOUR-PAK 


IMAGE PROCESSOR 

The Imag 100 real-time image-proc- 
essing workstation includes an IBM 
PC, a video camera, an RGB moni- 
tor, a mouse, a digital frame grab- 
ber, and software. With these com- 
ponents, you can perform more than 
AO interactive image-processing and 
-analysis functions. By using the 
mouse and menu commands, you 









E, WISCONSIN 





To find out more about Gentron’s transistor series, contact: 


ml 


(414) 35 
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Gentron Corporation 
6667 North Sidney Place, Milwaukee, WI 53209 


1-1660 Telex: 26881 
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can capture a video signal at the 
rate of 30 frames per sec and store 
the image in the computer’s 
012x512x8-bit frame memory 
while simultaneously displaying the 
stored image on the system moni- 
tor. An optional pseudocolor module 
allows you to transform the mono- 
chrome input into a colored display 
for increased image analysis. Or you 
can order a full-color system with 
three frame-grabbing modules and 
an RGB camera to produce 24 bits 
per pixel of RGB data. $10,499. 
SSE Products Inc, 791 Meacham 
Ave, Elmont, NY 11003. Phone 
(516) 872-9001. TWX 510-223-0417. 
Circle No 366 


THERMAL PRINTER 


The LTP451 produces 7<5-dot ma- 
trix characters in 42 columns at the 
rate of 210 cps. Using a thermal 
printhead, it prints both alphanu- 
meric and graphics characters. The 





Highly Visible 


New 3/4" Reflective Display Indicator 

visible at great distance in bright or dim light. 
Large 34” display uses reflective flag. 
No bulbs to replace, magnetic operation. 
Low power usage, pulse to ‘‘Set” or “‘Reset”’ 
no power needed when latched in either 


position. 


“Remembers” last “‘Set”’ or ‘‘Reset’’ signal, 
even with power outage or dip. 
For large display panels, fault warning systems, 
outdoor applications or other brightly lit areas, and 


where low power drain is required. 


Call or write today for complete information. 


MINELCO 
INC. 


Minelco Inc. Talley Industries 
135 South Main Street, 
Thomaston, CT 06787-0459 
Phone (203) 283-8261 

TWX 710-475-1091 
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device measures 6.1X2.2X1.1 in., 
weighs 12 oz, and requires a 5V de 
and a 24V dc power source. The unit 
operates from 0 to 50°C. Print reso- 
lution is 76 dots/in. It uses 4.4-in. 
heat-sensitive paper, covering a 
print width of 3.5-in. per line. $83 
(1000).. 

Seiko Instruments USA Ine, 
2990 W Lomita Blvd, Torrance, CA 
90505. Phone (218) 530-8777. 
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Industries 


KNOW? 


Ten times a year 
EDN publishes EDN Career 
News, the fastest-growing 
newspaper focused solely 
on the career and 
professional development 
concerns of engineers in 


MEMORY CARDS 


You can use the LSI Card with an 
LSI Card Reader for access-control 
applications, computer timesharing, 
and programmable control. Incor- 
porating four nonvolatile memory 
coils in a device that is about the 
size of a credit card, each card has 
read/write memory embedded in a 





plastic resin and hermetically sealed 
to exclude dirt, moisture, and oil. 
Each card comes with either 64k 
bytes or 256k bytes of CMOS static 
RAM and a lithium battery. The 

















electronics. 


EDIN 
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Just when you thought all 
connectors were alike... 


There’s 
Welcon! 


Just when all connectors begin to look the 
same, cost the same, and perform the same, 
Welcon adds a difference. 















Welcon combines the service and respon- 
siveness of a small company with the 
product performance and technology 
of a major manufacturer. 


The result is obvious when you choose 
Welcon connectors. You get more than | aim 
a part. You get a partnership. Fast 
delivery, comprehensive service— 
the attention you get only from a 
company that cares. 


A company like Welcon. 


e Card Edge Connectors 

e D-Sub Connectors 

e Pin Headers e Shunts 

e DIP Production Sockets 

e Leadless Chip Carrier Sockets 
e ZIF Sockets 

e Burn-In/Test Sockets 

e Contactors e Carriers 


*” WELLS ELECTRONICS, INC. 
1701 SOUTH MAIN STREET 
SOUTH BEND, IN 46673. U.S.A. 
219-287-5941 TELEX 25-8325 

” FAX 219-287-0356 
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/f you use discrete semiconductor components in motor drive circuits, 
Solitron’s new power hybrids allow reduction of space and weight and 
resolve complex wiring problems. | 


/f you're not using Solid State components, these “Mini” packages give 
you the opportunity of moving into proven state-of-the art power hybrid 
motor drive circuitry. 


Just imagine. Power MOSFET or Bipolar hybrid circuits in copper ‘‘Mini’’ 
packages with the necessary interconnects including flyback diodes. Today 
it's a reality. With Solitron‘s new half bridges, single phase and three phase 
full bridges, all the components are electrically isolated from the package 

So that it may be directly attached to the heat sink. Electrical insulators are a 
eliminated, improving mechanical stability of the system with reduced : 
thermal resistance. 


POWER RATINGS FOR HALF BRIDGES, SINGLE 
PHASE FULL BRIDGES AND THREE PHASE FULL BRIDGES 
ARE 500V/13A; 400V/15A; 200V/30A; AND 100V/40A. 
SPECIAL CIRCUIT CONFIGURATIONS ARE AVAILABLE ON REQUEST. 





Solitron’s energy saving motor speed controllers have numerous aerospace, military and industrial applications 
where brush and brushless motors are employed and where high reliability and high efficiency are design 
criteria. They can replace conventional hydraulic control systems presently used on aircraft for Steering, flaps 
and landing gear with increased efficiency and reliability. Other applications include drives in Automation, 
eee and portable equipment where limited source of power, weight, size and high reliability are very 
Critical factors. | | | : 


All Solitron circuits, whether custom designed or standard types, can be tested to MIL-STD-883 requirements. 
For specific information, call our Sales Deparment toll-free 1-800-327-8462. | 


Molitron 


DEVICES, INC, 
1177 Blue Heron Blvd. Riviera Beach, Florida 33404 (305) 848-4311/TWX: (510) 952-7610/TLX: 91-3435 
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Card Reader has RS-282C, current- 
loop, and parallel outputs for com- 
puter interfacing. Card Reader, 
$1000; Card, $15 (OEM qty). 
Orientation Inc, 101 Coolidge St, 
Hudson, MA 01749. Phone (617) 
568-0509. 
Circle No 368 





HARD-DISK DRIVES 


The 9138L is a 40M-byte hard-disk 
drive in a stand-alone cabinet. The 
9134L is similar to the 9183L but 
also includes a 3%-in. floppy-disk 
drive in its cabinet. Both drives 
feature a 40-msec access time and 
allow you to partition the hard disk 
into as many as eight volumes. (This 
latter feature is particularly useful 
for storing multiple operating sys- 
tems on one drive.) Among the com- 
puters that accept these drives are 
the manufacturer’s 9000 work- 
stations, its Models 250 and 260 
computers, the Touchscreen II, and 
the IBM PC family. 9138L, $4450; 
91384L, $4050. | 
Hewlett-Packard Co, 3000 Hano- 
ver St, Palo Alto, CA 94304. Phone 

local office. 
Circle No 369 


INTERFACE CONVERTER 


Supporting the RS-232C and 
CCITT V.35 interfaces, the ME 3 
allows you to directly connect two 
terminals or computers without 
using modems. The device provides 
interface conversion for data com- 
munication at speeds ranging from 
14.4k to 896k bps. You can set the 
unit’s internal clock to any of 19 































BREAKERS 


crystal-controlled data rates. Or you 
can drive the unit externally from a 
terminal or computer. Diagnostic 
features include front-panel indica- 
tors and a digital loop-back switch. 
$475. 

Electrodata Inc, 23020 Miles Rd, 
Bedford Heights, OH 44128. Phone 
(216) 663-3333. TWX 810-427-2280. 

Circle No 370 
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It's really the same concept as a magnetic circuit breaker! In the ON position, a spring 
loaded latching mechanism keeps the contacts closed until an overload is detected. 
The tripped position shows the sensing element deflected and the contacts of 
The E-T-A design can handle high inrush currents without nuisance trips. It is not 
shock or vibration sensitive. : — 
100% of E-T-A’s Circuit Breakers are calibrated and tested. They not only meet require- 
ments for, but carry AY G VDE and other worldwide approvals. E-T-A Circuit Breakers 
are ideally suited for a wide variety of applications in equipment such as Data Process 
ing, Medical Instruments, Communication, Power Supplies, Marine and Automotiv: 


For Better Protection, Economical Prices, and 


Delivery you can depend on, 
please call (312) 647-8303. 


es 2/A\ 
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setting the paceforcircuit prote 
7400 North Croname Road, Chicago IL 
312/647-8303 + TELEX: 253780 + FAX:312/6 
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MULTIUSER TERMINAL 


You can use PCTerm, a multiuser 
terminal, with your IBM PC or com- 
patible computer. Its 14-in. green 
or amber CRT displays a 256-char- 
acter set in the IBM PC-style font. 
It supports 80- and 132-column dis- 
plays, and its keyboard resembles 
that of an IBM PC/AT. The terminal 
has two bidirectional RS-232C 
ports: You can simultaneously con- 
nect one port to an IBM PC and the 


other to another host computer. In — 


addition to its native IBM PC mode, 


the terminal emulates a WY-50 and 
a TeleVideo 925. $649. 

Link Technologies Inc, 2260 
Paragon Dr, San Jose, CA 95131. 
Phone (800) 223-8626; in CA, (408) 
943-0148. TWX 910-338-2143. 

Circle No 371 





INDUSTRIAL COMPUTER 


The Expert computer, designed for 
use in a factory environment, is 
enclosed in a ruggedized NEMA 12 
enclosure. It features a thermostati- 


cally controlled dynamic heat ex- 
changer for use in high-temperature 
locations. The unit has a membrane 
keyboard, an 80286 CPU, 640k 
bytes of RAM, eight I-Bus expan- 
sion slots, and a 19-in. color CRT. 
You can order an 8088 uP as an 
option. $1995. 

Comark Corp, Box 474, Med- 
field, MA 02052. Phone (617) 359- 
8161. TLX 708156. | 

Circle No 372 


COLOR PLOTTER 


The Spectrum can serve either as an 
electrostatic color plotter or as a 
line printer. It produces both A-size 
(8.5xX11-in.) and B-size (11X17-in.) 
drawings. When used with an op- 
tional video interface, it produces 
hard copy directly from a CRT 
image. The machine uses either 
paper or polyester film; print speed 
is 2 ips with a 200-dot/in. resolution. 
Using this plotter, you can produce 








PAK. A 





Our 607C31 series, 80C31 systems compatible, turns 80C31 pC s into full CMOS micro- 
a logic control unit. All on a 40 pin (600 mil pin spacing) ceramic substrate. Available 


Technical information: (617) 435-9077. ELECTRONIC DESIGNS INC. 35 South Street, Hopkinton, MA 01748, USA, TELEX 948004 
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an A-size monochrome drawing in 5 
sec or color drawing in 60 sec. A 
B-size monochrome plot takes 10 sec 
and a color version <90 sec. This 
unit also emulates the manufactur- 
er’s V-80 printer/plotter in mono- 
chrome mode, printing text with 
132 cpl at 1000 lpm. A built-in ras- 
ter-data translator converts 100- 
dots/in. data to 200-dots/in. density; 
the translator thus lets the host 
computer generate less data and 

thereby plot faster. $11,950. 
Versatec, 2710 Walsh Ave, Santa 
Clara, CA 95051. Phone (800) 538- 

6477; in CA, (800) 341-6060. ~ 
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UNIX COMPUTER 


Based on a 68020 pP, the P/75 com- 
puter supports as many as 80 termi- 
nals with its Unix-based operating 
system. You can configure the sys- 
tem with as much as 16M bytes of 
RAM and 6.5G bytes of disk stor- 
age. The system also uses dedicated 





communication processors that re- 
lieve the CPU of I/O functions. Each 
communication-processor board in- 
cludes a 35-channel DMA processor 
and a 2M-byte buffer memory. 
Standard features include a 15-slot 


card cage, 1M byte of error-correct- 
ing RAM, a 60M-byte cartridge 
tape drive, a mass-storage pro- 
cessor, and a 145M-byte, 8-in. Win- 
chester drive. The system also 
comes with a built-in 110-, 300-, and 
1200-baud autodial, autoanswer 
modem. From $36,000. 

Plexus Computers Inc, 3833 N 
First St, San Jose, CA 95134. Phone 
(408) 943-9438. TWX 910-338-2223. 
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BAR-CODE READER 


The EZ Reader provides automatic 
recognition and decoding. This bar- 





all Wonder. 


computers. With 8K/32K x8 SRAM and on-board programmable 8K/32K x8 EPROM. Plus 
to MIL STD 883 specifications. Maybe you’ll wonder how. But, you won't wonder who. 
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The future...today. 


UROPE, Shelley House, The Avenue Lightwater, Surrey GU18 5RF, United Kingdom, Phone 276 726 37 TELEX 858325 
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. | : 7 _* Replace up to 100 MSI 
* | . ee | devices with the world’s first 
: single-chip PCM transceiver. 


Designed for worldwide 
josebect-bavme-l(e-te)e)b(e-1s(eyetss 
the R8070 from Rockwell 
FelCauet-lstoset-le HE (a(aelelorents 
reakthrough. This single- 
1ip solution accommodates 
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America and Europe. The 
R8070 T-1/CEPT operates 
with AT&T extended framing, 
Clear Channel, and European 
CEPT formats. 


Save on power, design engi- 
neering and component costs. 
As a single-chip, CMOS 
transceiver, the R8070 mini- 
mizes board space require- 
ments with its VLSI imple- 
mentation. It significantly 
reduces power consumption, 
saves on component costs and 
reduces engineering design 
investment as well. To find 
outhow the R807Ocanhelp . 
you build your next genera- 
1S (oot UA al all Mcojeetecibien (els (overs 
system, talk to your Rockwell 
distributor or sales representa- 
tive or send for complete tech- 
nical literature today. 


Semiconductor Products Division 


Rockwell International, PO. Box C, 
M.S. 501-300, Newport Beach, CA 92658-8902 
(800) 854-8099 In California (800) 422-4230. 
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code reader interprets several for- 
mats, including Code 39, UPC A/E, 
Codabar, Codabar/ABC, and Tater: 
leaved 2 of 5. The wand uses a 
decoding algorithm that incorpo- 
rates error-checking routines to en- 
sure accurate decoding for both dot- 
matrix and preprinted labels. The 
scanner comes with either an RS- 
232C interface or an IBM PC/XT 
keyboard interface. The keyboard- 
interface model requires no soft- 
ware modifications and permits full 
use of the keyboard at all times. You 
can also order optional IBM PC/AT 
and Tektronix 4100 keyboard inter- 
faces. From $635. 

Percon Connections Inc, 2190 W 
llth St, Eugene, OR 97402. Phone 
(503) 344-1189. 
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LASER PRINTER 


The Laserprint 2670 produces let- 
ter-quality documents at speeds 
reaching 1500 lpm. You can use this 
printer to emulate a plotter, or a 
line or daisy-wheel printer. Its 300- 
dots/in. resolution lets you create 
bar codes and bit-mapped graphics. 
You can specify a plug that’s com- 
patible with IBM, DEC, or Wang 
computers. You can load this printer 
with 2000 pages for continuous pro- 
duction workloads. Its dual input 
cut-sheet feeder accepts paper as 
large as 11X17 in. The manufactur- 
er estimates a cost per page of 
$0.018. $11,400. 
_ Advanced Technologies Interna- 
tional Inc, 2041 Mission College 
Blvd, Santa Clara, CA 95054. Phone 
(408) 748-1688. 
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Professional Development Systems 
for PC’s, VAX/VMS and IBM VM/CMS 


¢ PC compatible 68020/68000 evaluation, test board provided 

e Professional quality high performance tools 

¢ Optimizing C and Pascal compilers 

e Assembler and linker/locator 

e In-Circuit Emulators supported 

e VRTX, PSOS, MTOS Supported 

¢ Rugged, reliable and field-proven for over 3 years 

¢ Unequaled customer support services 

¢ The choice of leading software professionals for the development of 
consumer and industrial products 


Cost Effective Solutions for Motorola microprocessor development... 
Call Today: (303) 449-6809 
ray language 
a0 Resources 


4885 Riverbend Road, Boulder, Colorado 80301 (303) 449-6809 Telex: ITT 4992706 
VAX is a trademark of Digital Equipment Corp. 
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Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 per pub- 
lished magazine page. 

EDN publishes how-to design application information that is read by more than 137,000 
electronic engineers and engineering managers worldwide. That’s an audience that could 
belong to you. 

If you have an appropriate article idea, please phone Jon Titus, Senior Editor, at (617) 
964-3030 or send a proposal and outline to him at 275 Washington Street, Newton, MA 
02158-1630. For a FREE EDN Writer’s Guide—with tips on how to write for EDN and 
other technical publications— please circle number 301. 
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First in Readership among Design Engineers 
and Engineering Managers in Electronics 
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DIP SWITCHES 


The Series 74 16-position hexadeci- 
mal and 10-position BCD rotary 
DIP switches provide direct input to 
logic circuitry without a coding in- 
terface. The switches provide sin- 
gle-setting accuracy and measure 
0.38 x 0.380.295 in. Terminals are 
located on DIP centers with a com- 
mon lead on each side. Common 
leads are internally connected. A 
standard epoxy-sealed base protects 
the bottoms of the switches during 
board assembly and cleaning pro- 


cesses. For a complete seal, a facto- 
ry-applied top-tape seal is available 
as an option. $3.28 (100). 

Grayhill Inc, Box 10373, La- 
Grange, IL 60525. Phone (312) 354- 
1040. TWX 970-683-1850. 
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CRYSTAL OSCILLATORS 


The Models KTXO and KTVXO 
temperature-compensated crystal 


oscillators are compatible with 
14-pin DIP ICs and TTL and CMOS 
circuits. The KTXO has a frequency 
range of 4 to 50 MHz; the KTVXO 
has a frequency range of 10 to 20 
MHz. You can obtain a fine frequen- 
cy adjustment with 1 to 5V on pin 1. 
Modulation sensitivity for the 
KTVXO is 10 ppm/V min. Both os- 
cillators are available in the temper- 
ature range of —20 to +70°C with an 
aging rate of 1 ppm/year. Frequen- 
cy tolerance is 3 ppm. From $15 
(1000). Delivery, six to eight weeks 
ARO. 

Kyocera International Inc, 
Electronic Components Group, 
11425 Sorrento Valley Rd, San 
Diego, CA 92121. Phone (619) 454- 
1800. 
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MULTIPLEXER 


The MX327 multiplexes as many as 
32 channels of the IBM 3272’s I/O on 


Unique, Complex Power Requirements? 


~~Medical Systems--Telecommunication Systems--Graphic Systems~Mainframe Systems--Minicomputer Systems--CAE Workstations 
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Standard 
Product 
Solutions! 


‘Up tofive outputs 
*Upto 3000 Watts 
-Upto 500 Amps 

*AC to DC 

*DC to DC 

-00°C Power Ratings 
-Paralleling 

High Efficiency 
-Proven Products 
*Wide Range AC Input 
-Reliability 

° Versatility 





SWITCHING 
POWER INC 








3601 Veterans Highway, Ronkonkoma, NY 11779 
Telephone 516 /981—7231 TWX 510 220 1528 
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CURRENT 
MODE 
CONTROL 


The Right Way From Cherry Semiconaucior 
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CS-3842A and CS-3843A current mode 
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Special logic ensures that 

Vref is stabilized before the output 
cs-s93_|_cs-1s27a | Stage is enabled. lon-implant resis- 
css95 | cs3s27A | tors provide tighter control of under- 
os-1524 | Cs5860 | voltage lockout. Other features include 
des wew low start-up current, pulse-by-pulse 
csasaa | cuRRent | Current limiting, and a high-current totem 
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Current mode control... The right way! 
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one optical or coaxial cable. It con- 
nects a 3272 controller to 3270 ter- 
minals and 3280 printers as far away 
as 0000 ft. The multiplexer accepts 
the inputs and multiplexes them 
into a signal that is then converted 
into light (for fiber-optic cable) or 
electrical pulses (for coaxial cable). 
At the far end, the signal is demulti- 
plexed by a second MX327 into its 





Try Our Low 





Cost Solution To 


Your1.5” Problem 


When the fit is 
tight, the light- 
weight, low 
inertia V70 Series 
modular optical 
encoder fits in eas- 


ily and provides top qual- 


ity, performance at the 
lowest cost. Easy to install, 
these Honeywell units 
include a high stability 
polycarbonate photo- 
head, hermetically 
sealed light source 
and sensors, and a 
custom square- 

wave output com- 
parator chip, just 

like its big brother, 





SINGLE EVALUATION UNIT 
AT $19.95 TO QUALIFIED 
0.E.M. CUSTOMERS 
CONTACT THE FACTORY 
FOR DETAILS OF OFFER!! 
















the 2-inch Modu- 
lar V90 Series. 
The V70 is 
designed for such 
tasks as pick-and- 
place robotic axis 
positioning, capstan tape 
drive velocity feedback, 
plotter pen position drives, 
etc. The V70 and V90 are 
available immediately in 
lower priced OEM 
quantities. 





_V70 Series 





Honeywell 


Disc Instruments Subsidiary 
102 East Baker Street, Costa Mesa, CA 92626 


714-979-5300 * TWX (910) 595-1987 DISC CSMA 
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original form. The 19-in. rack- 
mounted unit is designed for syn- 
chronous applications at data rates 
to 2.3587M bps. Each modular unit 
contains four cards; additional cards 
can be added to reach the 32-chan- 
nel capability. The multiplexer fea- 
tures diagnostic indicators on the 
front. It is plug compatible with 
standard BNC connectors for data- 
transmission and SMA-type connec- 
tors for optical transmission. Two 
32-channel units, $7600. 

Artel Connnunieatione Corp, 
Box 100, West Side Station, Worces- 
ter, MA 01602. Phone (617) 752- 
5690. 
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FLAT CABLE 
The AC Series gray flat cable and 
CSK Series multicolored cable are 
both available in 100-ft reels. The 
AC line spans 10 to 64 conductors, 
and the CSK covers 9 to 64 conduc- 
tors, all on 0.05-in. center spacings. 
Wire gauge is 28 AWG, and maxi- 
mum operating rating equals 105°C. 
Both series accommodate currents 
of 1A. Voltage rating equals 300 and 
250V for the AC and CSK cables, 
respectively. 26-conductor AC, 
$17.63; 26-conductor CSK cable, 
$33.97. Delivery, stock to six weeks 
ARO. | 

Amlan Inc, 97 Thornwood Rd, 
Stamford, CT 06903. Phone (203) 
322-1918. 
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Now you can design low cost 
power switching into your products 
with Potter & Brumfield’s T90 relay. 


Its small size and low coil power 
requirement (less than 1W) make 
the T90 the ideal printed circuit 
board mounted interface between 
your solid state devices and power 
loads. 


The T90 is available as an open- 
style relay, with an optional, 
snap-on dust cover or sealed to 
withstand immersion cleaning. 


The T90 series offers the combina- 
tion of features you've demanded 
for new generations of appliances, 
load management controls, busi- 
ness machines, HVAC equipment 
and similar applications. 





Our totally automated production 
under tight process control assures 
you of consistent, high quality 
relays, minimizing your needs for 
incoming inspection. 
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P&B’s T90 relay available for 
immediate delivery from stock!!! 


Ty * 





For more details on the T90, call 
our toll free number for the name 
of your authorized Potter & 
Brumfield distributor or your local 
P&B sales representative: 
800/255-2550. 


Potter & Brumfield, 

A Siemens Company, 

200 South Richland Creek Drive, 
Princeton, Indiana 47671-0001. 


Regional Sales: Oak Brook, IL, 312/887-0811; 
Braintree, MA, 617/848-6550; 

San Juan Capistrano, CA, 714/493-4503; 
Princeton, IN, 812/386-2130. 
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LED DISPLAYS 


With high-efficiency red characters 
measuring 1.05 in. high, HDSP- 
4500 displays are readable at dis- 
tances to 60 ft. The displays feature 
a 5x7 dot-matrix font and are avail- 
able in common-anode-row and com- 
mon-cathode-row models. The units 
are housed in DIPs to facilitate 
mounting on pe boards. The dis- 
plays can be stacked end to end, or 
side by side to satisfy graphics 


panel applications. Luminous inten- 
sity (for 10-mA drive) equals 3.5 
med/dot. $6.65 (1000). 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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MULTIPLEXER 


The CDS-372 general-purpose, fi- 
ber-optic multiplexer is compatible 
with Datakit, AT&T’s virtual circuit 
switch. The CDS-372 is available 
with 86 or 72 channels, each channel 
with one data and one control line. 
It handles asynchronous data at 
rates to 100k bps and synchronous 
data to 76.8k bps. The basic 36- 
channel model can be expanded to 
the 72-channel model. The unit fea- 
tures mass-terminated 50-pin con- 
nectors with each connector han- 
dling six RS-232C channels. The 
unit includes diagnostic capabilities 
to determine synchronization and 


local and remote loopback functions. 
Features also include a choice of 
stand-alone or rack-mounted ver- 
sions, full-duplex operation, bit-er- 
ror rate of 1X10~° or better, and 
code transparency. From $3950. 
Canoga-Perkins, 6635 Indepen- 
dence Ave, Canoga Park, CA 91803. 
Phone (818) 887-1897. 
Circle No 382 


PANEL METER 


Mini Versameters feature a low-pro- 
file package to save panel space. 
They are available in voltage and 
current models. Decimal points are 
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selectable via rear-panel connec- 
tions. The voltage and current mod- 
els accept inputs from 200 mV to 
100V de and 200 pA to 2A, respec- 
tively. Model G922DA allows users 
to program and display a 4- to 
20-mA process signal generated by 
a transducer. All meters feature a 
0.5-in.-high, 34%-digit LED display. 
From $69. 

Extech Instruments Corp, 150 
Bear Hill Rd, Waltham, MA 02154. 
Phone (617) 890-7440. 
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LED ARRAYS 


The PCL1904/2004 Series quad 
LED arrays offer a choice of four 
colors—red, yellow, amber, or 
green. The units feature T-1%-size 
LEDs and are available in either 
standard-bright, | medium-bright, 
high-efficiency or super-bright ver- 
sions. Bicolor versions are also 
available. Offering good alignment 


and matched color, these arrays 
come in mitered packages with hori- 
zontally mounted LEDs. $0.74 
(1000). Delivery, four to six weeks 
ARO. 

Data Display Products, 301 
Coral Circle, El Segundo, CA 
90245. Phone (800) 421-6815; in CA, 
(213) 640-0442. 
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PADDLE SWITCH 


The Tiny Paddle Switch is designed 
for panel mounting. The actuator is 
available in red, black, white, blue, 
and custom colors, all with matte 


finish. The switch mounts in a %-in. 
hole that allows simple retrofitting, 
and it features wire-lug, pc-board, 
or wire-wrap terminals. Contact 
ratings are 3A at 125V ac or 28V de, 
or 0.4 VA at 20V ac or de. The on-on 
model has a life expectancy of 
80,000 cycles at full load. You can 
choose either silver or gold con- 
tacts. A typical on-on wire-lug ver- 


sion costs approximately $3 (2500). 
Delivery, six weeks ARO. 

Alco Electronic Products Inc, 
1551 Osgood St, North Andover, 
MA 01845. Phone (617) 685-4871. 
TWX 710-842-0552. 
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gge® And they're available now for immediate off-the- SO, now that you've got our number, get the rest 
Panasonic Shelf delivery. of the story. Panasonic Industrial Company, 
VT Cod al fale Just tell us what you need. Single or dual Computer Components Division, One Panasonic 
Power inputs. Up to four outputs. Outputs ranging from Way, Secaucus, NJ 07094. (201) 392-4290. 


OV to 24V. And 0.1 to 30.0 amps. 

Of course, Panasonic switching power supplies 
meet the necessary safety approvals of UL, CSA 
and TUV plus noise specifications ratings from FCC 
Class A to VDE Class B. 


Supplies 
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with PEP™ — the Touch Entry Panel 


Make your system easy-to-use with the touch-activated PEP™ 

: from IEE. Training costs and input errors are reduced when 
the operator can concentrate on the task at hand, not on , 
complicated protocol. 
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PEP goes where a CRT can't—it’s less than 3.4 inches 
87mm) deep. : 


PEP is available in two sizes—a compact 12 x40 character for- 
mat (480 PEP) and a larger-character 8x32 (256 PEP). Both 
come in a choice of display colors—Orange, Green or Red. 


Four standard interface modes make communication a 
snap—choose RS-232-C, 20mA current loop, RS-422-A, or 
parallel data bus. 








Industrial Products Division 
Industrial Electronic Engineers, Inc. 
7740 Lemona Ave., Van Nuys, CA 91405 | 
Tel. (818) 787-0311 - Ext. 418 

® FAX: (818) 902-3723 


Circle 7 for Immediate Application Circle 46 for Reference Material 


IEE has a special evaluation kit offer so you can see how a 
PEP will look and work in your system. Call or write us today! 
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CONNECTORS 


A high-temperature thermoset- 
molding compound used for the con- 
nector body and beryllium copper 
used for the contacts allow the 
EB7D and EB8 Series edgeboard 
connectors to withstand operating 
temperatures of 200°C. The connec- 
tors feature 0.156-in. center-to-cen- 
ter spacings on 0.140- and 0.200-in. 
grids, respectively. Selective gold 
plating of the contacts is standard. 


The devices are available with a 


variety of terminals including dip- 


We wouldn’t either. That’s why we 


developed the MTOS family of sophisti- 
cated but user-friendly real-time, multi- 


tasking, multi-processor operating 
systems. 


solder, solder-eyelet, and card-ex- 
tender styles. You can order the 
EB7D with six, 10, 12, 15, 22, 36, or 
43 contacts per side; the EB8 has a 
choice of six, 10, 12, 15, 18, 22, 24, 
or 25 contacts per side. Approxi- 
mately $4.80 (1000) for an EB8 with 
two rows of 22 or 44 contact posi- 
tions and card-extender terminals. 
Delivery, four to six weeks ARO. 
Dale Electronics Inc, Box 609, 
Columbus, NE 68601. Phone (605) 
665-9301. 
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D/S CONVERTERS 


The SCB-22 Series of card-mounted 
digital-to-synchro (resolver) con- 
verters provide 1.5 or 5W of output 
power to drive size 11 torque receiv- 
ers or control transformer loads for 
simulator or trainer applications. 
All outputs are short-circuit and 
overload protected; the 5W units 


Rather than making MTOS small for the sake 

of smallness, we put a lot of very useful features 
in MTOS, so you wouldn’t have to re-invent them. 
Take MTOS-UX, for example. It supports multiple 
processors on the bus, links to UNIX™ *, 
mailboxes, signals, event flags, semaphores 

a a completely dynamic set of system objects. 


s industrial 
HO! Programming Inc. 


For detailed information on any of our systems, call or write (800) 228-MTOS, Industrial Pooanming: 
Inc., 100 Jericho Quadrangle, Jericho, NY 11753, (916) 938-6600, Telex: 429808 (ITT). 
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include thermal cutoff with auto- 
matic recovery from locked-rotor 
conditions. Standard transformer- 
isolated outputs are 11.8 or 90V 
line-to-line with 26 or 115V rms 
reference at 400 Hz. Twelve- or 
14-bit digital inputs are stored in a 
set of TTL-compatible latches. The 
cards measure 4.246.25 in. From 
$470. Delivery, four to six weeks 
ARO. 

Control Sciences Inc, 9509 Vas- 
sar Ave, Chatsworth, CA 91311. 
Phone (818) 709-5510. 
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*UNIX is a trademark of 
AT&T Information Systems 
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MINIATURE MIXER 


Housed in a 0.5X0.5X0.2-in. pack- 
age, the Model DCM4-26 mixer fea- 
tures ground tabs that facilitate sol- 
dering to both coplanar and 
microstrip ground planes. The 
mixer was designed to meet small- 
size requirements for wideband 
electronic-counter-measure mixers 
and to provide shielding and low 
VSWR connections. Removable 
SMA connectors are provided for 
testing prior to solder-in installa- 


tion. Typical specifications in the 4- 
to 26-GHz band include RF range of 
4 to 26 GHz, local-oscillator (LO) 
range of 4 to 26 GHz, IF range of 1 
to 10 GHz (—1 dB), and LO injection 
of 10 to 18 dBm. Typical conversion 
loss is 9 dB from 2 to 18 GHz and 10 
dB from 18 to 26 GHz. $995. Deliv- 
ery, 120 days ARO. 

RHG Electronics Laboratory 
Inc, 161.E Industry Ct, Deer Park, 
NY 11729. Phone (516) 242-1100. 
TWX 510-227-6083. 
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CURRENT SENSOR 


The Model 2742 current-sensing 
relay is designed for 3-phase appli- 
cations. You can use it to monitor for 
undercurrent or overcurrent condi- 
tions: As shipped, the device will 
monitor undercurrent conditions; by 
adding a wire, you can adapt it to 
monitor overcurrent conditions. You 
can also add a NC pushbutton to the 





relay if manual reset is required. 
The device is housed in a high-im- 
pact ABS plastic, machine-tooled 
case. Versions are available for 24, 


120, and 240V ac sources. The sen- 


sor can monitor to 480V ac, 5A; you 
can extend the range by using cur- 
rent transformers. $133.75. 

Time Mark Corp, 11440 E Pine 
St, Tulsa, OK 74116. Phone (918) 
438-1220. 
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IC SOCKETS 


The 2300 and 2400 Series sockets 
accommodate 70-mil-lead spacing 
ICs, thereby accommodating Ps, 


















Alternate Source and Replacement 
Series from D.A.T.A. is the most 
complete and up-to-date reference 
source available for locating solid-state 
electronic devices. 

Designed for easy use by engineers, 
purchasing agents and others, this 
series can help you: 

e Locate alternate sources to complete 
your design. 

e Find replacements for unavailable 
parts. 

e@ Search for replacement parts by 
generic types. 


In four authoritative Guides, the 
complete series includes: 


DISCRETE SEMICONDUCTORS 
Replacement information on tran- 
sistors, diodes, thyristors, optoelec- 
tronic and microwave devices. 


Direct Replacement Guide 
identifies over 350,000 direct 
replacements from 352 
manufacturers. 


Suggested Replacement/ 

Alternate Source Guide 
identifies more than 470,000 
suggested replacements from 92 
manufacturers. 
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From over 400 electronic component 
manufacturers worldwide--The NEW 


VISIT US AT ELECTRO BOOTH # 1520 | 


_AT LAST! 500,000 DIRECT REPLACEMENTS 
PLUS 500,000 SUGGESTED REPLACEMENTS. 


CIRCLE NO 52 








































Alternate Source and Replacement Series 
from D.A.-T.A., call TOLL-FREE 


P.ATA. ING. A Cordura Company 


P. O. Box 26875, Dept. S0746, San Diego, CA 92126 


In Canada: Call 416-674-1717 
—— Outside U.S. and Canada: Telex (England) 95671 





INTEGRATED CIRCUITS 
Replacement information on digital, 
interface, microprocessor, audio/video, 
linear and memory ICs. 

Direct & Suggested Replacement 

Guide identifies more than 150,000 
direct and suggested replacements 
from 127 manufacturers. 

Generic/Alternate Source Guide 
organized by generic family, 
identifies over 110,000 alternate 
sources from 289 manufacturers. 

$95 EACH (U.S.) 

e Price includes two complete 
semiannual editions of each guide. 
SPECIAL OFFER! Purchase any two 
guides together for $150 and save $40. 

There's never been a better time to 

find more direct and suggested replace- 
ment information than with this special 
introductory offer! To place your order 
or receive a FREE brochure on the 


























1-800-854-7030 


(In CA call 1-800-421-0159 ) 
30-Day Money-Back Guarantee 
Complete Series also available on 
magnetic tape. 









EDN April 17, 1986 














COMPONENTS & PACKAGING 





wCs, and video.controllers. from Hi- 
tachi, Mitsubishi, Fujitsu, and 
NEC. They have a machined sleeve, 
a machined inner contact, and solid- 
and open-ladder glass insulators. 
The sockets are available in 28-, 30-, 
40-, 42-, 52-, and 64-pin versions. 
The sockets are tested to standards 
such.as MIL-STD-1344A and MIL- 
STD-202. Gold-plated (80-win.) and 
tin/lead-plated contact versions are 
available. Gold contact, $5.32; tin/ 
lead contact, $4.48 (100). 
Augat Inc, Box 779, Attleboro, 
MA 02708. Phone (617) 222-2202. 
Circle No 391 





CLOCK OSCILLATOR 


The XOSM-13, a TTL-compatible 
clock oscillator, is available in a fre- 
quency range from 16 to 24 MHz. 
Frequency stability is +100 ppm 
over —55 to +125°C. Supplied in a 
40-pin leadless chip carrier, it occu- 
pies 0.48x0.48 in. of board space. 
It’s hermetically sealed to meet 
MIL-STD-833, Method 1014 and is 
designed for reflow soldering. A 
typical 16-MHz XOSM-18, $48.26 
(100). 

Dale Electronics Inc, 2064 12th 
Ave, Columbus, NE 68601. Phone 
(602) 967-7874. 

Circle No 392 


OPTOCOUPLERS 

A 16-pin, dual-channel, line-receiv- 
er family of optocouplers provides a 
guaranteed common-mode transient 
immunity of +1000V/psec. The her- 
metically sealed devices are avail- 
able either as standard products 
(HCPL-1930) or with full MIL-STD- 
883, level B testing (HCPL-1931). 
Both types are specified over the 


EDN April 17, 1986 


full military temperature range. In 


line-receiver applications, an input- 
current regulator serves as a line 
termination to clamp line voltage 
and to regulate the LED current. 
The regulator also minimizes the 
effect of line reflections and shunts 
excess current (above atypical LED 
current of 12.5 mA). Optocouplers 
can accept inputs to 10M bps. Prop- 


agation delay time to both high- and 
low-output levels is 100 nsec max. 
At an input current of 10 mA, the 
output will sink six TTL gates. 
HCPL-1931, $92; HCPL-1930, 
$50.75 (50). 

Hewlett-Packard Co, 1820 Em- 
barceadero Rd, Palo Alto, CA 94303. 
Phone local office. 

Circle No 393 





Answers for today’s engineers, 
educators and researchers. 


and the latest developments in technology today. 

They discuss theories, provide practical applica- 
tions, and explore every level of electronics from thei 
basics to state-of-the-art equipment. 


S books provide the most current information 


Reference Data for Engineers: Radio, 
Electronics, Computer, and 


Communications (7th Edition) 
Edward C. Jordan, Editor-in-Chief 


Previously a limited private edition, now an internation- 
ally accepted handbook for engineers. Includes over 1300 


pages of data compiled by more than seventy 
engineers, scientists, educators 
and other eminent specialists in a 
wide range of disciplines. Presents 
information essential to engi- 
neers, covering such topics as: 
digital, analog, and optical 
communications; lasers; logic 
design; computer organiza- 

tion and programming, and 
computer communications 
networks. An indispensable reference 
tool for all technical professionals. 
No. 21563, $69.95. 


Image Tubes 
Illes P. Csorba 


This text provides a wealth of valuable, 
hard-to-find data on electron optics, 
imaging, and image intensification 
systems. Renowned scientist-engineer- 
inventor Illes Csorba explains every detail 

of image tube theory, design, construction, 

and components. He includes material 

on the design and operation of camera tubes, power 


components and secondary electron emitters, as well as 


data on photomultiplier tubes and electron guns. 
Engineering students, practitioners, and managers will 


find this book invaluable for developing a better under- 


standing of electronic imaging. 
No. 22023, $44.95. 


Principles of Solid-State Power 
Conversion 
Ralph E. Tarter, Editor-in-Chief 


This comprehensive manual puts all the essential 
information about solid-state power conversion in an 


easy-to-use format. The author explores such fundamen- 


tals as vital protection and efficiency considerations, 
semiconductors, and component selection. He explains 
how to increase product efficiency and safety, improve 


performance, and achieve high-packing densities. Every 


facet of power conversion is detailed — switching 
systems, system operation and design, and passive 


devices. Over 20 years of hands-on experience is outlined 


in this excellent reference book. No. 22018, $44.95. 







Gallium Arsenide Technology 
David K. Ferry, Editor-in-Chief 


Gallium arsenide has replaced silicon in the design of 
optoelectronic devices. This comprehensive introduction 
to the structure and properties of this wonder compound 
also explores its application in analog and digital 
technology. Editorial contributions by leading experts 
document applications in chip design, integration levels, 
and monolithic microwave integrated circuits (MMICs). 
They examine the new bandgap engineering and the uses 
of gallium arsenide in MESFET integrated circuits, 
photodetectors, and optical sources. An essential library 
edition for professionals in electronics-related fields. 

No. 22375, $44.95. 


To order call 


800-428-SAMS 


In Indiana 


call 317-298-5566 
Ask For Operator 819 


SAMS... 


A Division of Macmillan, Inc. 





Book No. 


Shipping & Handling $ 2.50 
AR, CA, FL, IN, NC, NY, OH, TN, WV 

residents add local sales tax $ 

Total y 

Name 

Company 

Address 


City 


Daytime Telephone No. 














(J Bill my credit card (J VISA C 


| MC CJ AE 


Account No. Exp. Date 





Signature (required 


J Check or money order enclosed. Make checks payable to Howard W. 
Sams & Co. Mail this form with payment to: Howard W. Sams & Co., 
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Gives You More 


In 10 and 36 SCR 
High Power 
DC Power Supplies! 
@ More Watts per $.. . for the BEST PRICE/ 


PERFORMANCE VALUE in SCR type power 
supplies anywhere! 








™ More Power per Cubic Inch . . . to conserve 
vital space. ay 
™ More Models . . . 101 models to select from 
to give you exactly what you need. 


™ More Reliability . . . backed by a 5 Year. 
Warranty on both parts and labor and world 
wide service. 





™@ Plus . . . everything you expect from the 
leader in SCR High Power DC Power Supplies. 
Compliance to VDE-875 Level N and VDE- 
871 Level A for line conducted RFI ® Fully — 
Programmable e Local or Remote Sense ¢ High 
Efficiency ¢ Fully adjustable from 0 to max. 
value « CV/CC Automatic Cross-over ¢ Fan 
Cooled — FOR GREATER RACKING DENSITY 
... and much, much more. 




























‘Model | Output Voltage Price 
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TCR 20-T250 0-20V 0-250A $2800 
TCR 20-T500 0-20V 0-500A $3890 
TCR 160-T30 0-160V 0-30A $2800 






TCR 10-1750 0-10V 0-750A $3890 
TCR 120-40 0-120V. | 0-40A $2800 
‘| TCR 500-15 0-500V $2295 


$1650 
$1350 
TCR 10-S240 0-10V 0-240A $1650 


To order or obtain more information, CALL TOLL-FREE 800-631-4298.* or contact: 


Gn) NEASUREME 


MEASUREMENTS 
*In NJ, AL, Hl and Canada, call 201-922-9300. 


IN C 405 Essex Road, 
» Neptune, N.J. 07753 
CIRCLE NO 157 

















NEW PRODUCTS: ICs & SEMICONDUCTORS 








OP AMP 


Offering the same dc specifications 
and 5-pA bias current as the OP-41, 
the OP-43 features a slew rate of 
5V/wsec min and a gain-bandwidth 
product of 2.4 MHz typ. It achieves 
this speed while drawing a supply 
current of only 1 mA max. CMR is 


100 dB min, and the op amp is stable | 


with closed-loop gains of —1 or +2. 
A cascode input. stage stablilizes 
bias current against changing com- 
mon-mode voltages, and improves 
common-mode-rejection linearity. 
The device drives a 100-pF load 


without oscillation and has power- 
supply rejection of 92 dB min and 
supply-current consumption of 1 
mA max. In an 8-lead, TO-99 metal 
can, $3.50 (100). 

Precision Monolithics Inc, 1500 
Space Park Dr, Santa Clara, CA 
95052. Phone (408) 727-9222. 

Circle No 394 





BRIDGES 


The DF-S Series of miniature sin- 
gle-phase surface-mount bridge rec- 


tifiers includes seven 1A devices 
that have glass-passivated junctions 
and a surge overload rating of 50A 
pk. They exceed MIL-STD-19500 
environmental standards and have 
voltage ratings ranging from 50 to 
1000V. In molded plastic cases, 
$0.30 (1000). 

General Instrument Corp, Dis- 
crete Semiconductor Div, 600 W 
John St, Hicksville, NY 11802. 
Phone (516) 933-3383. 

Circle No 395 


VIDEO DACs 


The NE5150/5151 triple 4-bit video 
DACs include composite-video func- 
tions to make output waveforms 
meet RS-170 and RS-343 industry 
standards. The NE5150 has an 
onboard voltage reference that pro- 
vides immunity to power-supply 
variations. The chip has a refresh 
rate of 110 MHz; you can thus use it 
in applications having high-resolu- 

Continued on page 295 


VMEbus 10 SC 
INTERFACE 


TO: OPTICAL-MAGNETIC-DISC- 
TAPEDRIVERS, LASERPRINTERS AND 





COMPCONTROL 


COMPCONTROL INC. 

15466 Los Gatos Blvd. Suite 109-365 
LOS GATOS, CALIFORNIA 95030 
Phone: 408-356-3817 

Twx: 510-601-2895 
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Member of 
the VMEbus International Trade Association 


Wra\ 
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Application of the NCR 5386 
guarantees conformance to the SCSI 
specifications. 

The four channel DMA controller gives 
additional power to your systems. 





COMPCONTROL B.V. EUROPE 
Stratumsedijk 31, P.O. Box 193 
9600 AD Eindhoven, Holland 
Telefoon (040) 124955 

Telex 51603 compc nl 
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1986: THE YEAR 
OF THE COMET 


- COMET® CMOS Overfast MEmory Technology 


PERFORMANCES 


ORGANIZATION 


New from MHS: 

The Ultrafast memory 
family, that meets all 
your high speed data- 
processing requirements. 


25/35/45 ns. Three figures tell it all. 
They're the access times of 
the new ultra-fast advanced 
CMOS COMET® memories 
from MHS. These speeds are 
the fastest»available on the 


ACCESS-TIME 


HM 65767 CMOS market. Other COMET® 


6572872 
awesrevea | ance | 


HM 657873 


HM 65788 16K x4 


* Available late 86 


35/45/55 | features include a wide 
operating temperature range, 
CMOS consumption, automatic 
power down mode, and out- 
standing resistance to electro 
static discharge. COMET® 
_| memories are thus an effec- 
tive state-of-the-art replacement for bi-- 
polar or ECL technology products, 
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No illusions. Just vastly superior memory 
boards from Plessey Microsystems. 


There are no tricks involved in building memory boards that Plus a full year guarantee, double sourcing by Plessey in 
work like magic. All it takes is advanced technology, America and England and a range of memories to meet your 






































painstaking attention to quality and a knack for knowing just every need. 
vers a ies At Plessey Microsystems, we’ve Work Wonders for Your Micro. 
8 aaa y You don’t need tricks to bring the wizardry of superior 
Every Plessey memory is built in a facility that meets U.S. memory technology to your system. All you really need is 
(AQAP 1&2) and U.K. (DEF. STAN. 05-21) military standards. Plessey Microsystems. Memory Magic without the tricks. Call 
SO you get mil spec quality at the best commercial pricing. us today or use the coupon below. 
Plessey Microsystems Memories 
Capacity/Slot Parity EDC Data Bits Write Access Read Access Volatile | Non-Volatile ra 
Multibus’* 2 Mbyte DRAM e = 8/16 200nS 200nS e e if & 
S 
VMEbus 4 Mbyte DRAM 6 e 8/16/32 150nS 270nS e e 7” 53 Sv 
ie) 
VERSAbus* 4 Mbyte DRAM e e 8/16/32 300nS 300nS * AES 
iLBX 2 Mbyte DRAM “ 8/16 200nS 200nS * re IS 
Bubble 2 Mbyte ‘ _ 36mS 36mS 2 Loe 
Qs 
*TM Intel. +TM Motorola x oF 
of rss ww 
Plessey and the Plessey symbol are registered 7 & ~ 
trademarks of The Plessey Company plc. ye o & 
RIN 4 : 
> oe ey 
r Or We Roy 
England France Germany United States 
Water Lane BP 74 BahnhofstraBe 38 One Blue Hill Plaza 
Towcester 7-9 rue Denis Papin D-6090 Russelsheim Pearl River 
Northants 78194 Trappes Cedex (0 61 42) 6 80 04 NY 10965 
NN12 7JN (3) 0514952 (914) 735-4661 
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Wee 
‘46K x1 135,45,55/660 
IMS1420 
4AK x4 


IMS1423 
AK x4  |25,35,45| 660 


IMS1600 
64K x1 |45,55,701440 77 CMOS 


condition. And for e\ IMS1620 
you can reduce the oe power i using 16K x4 |45,55,70|440 77 CMOS 
os nput levels. 

_ Soup-up your system design with our 
IMS1423, IMS1620 and IMSi600. And let the eee 

Group of Companies. 

competition eat dust. 

INMOS Corporation, Colorado Springs, CIRCLE NO 220 

Colorado. Tel. (803) 630-4000 Bristol, 

England. Tel. 0272-290-861 Paris, France. 

Tel. (1) 687-2201 Munich, Germany. Tel. 

(089) 319-1028 





When you're ready to make tracks, not follow them, call INMOS. 
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tion graphics and imaging. The de- 
vice resolves 16 gray-scale levels. 
Also, it contains three separate 
ECL memory look-up tables with 
read/write controls—the tables con- 
sist of 16x4-bit RAMs for the red, 
green, and blue channels. The de- 
vice contains four composite-video 
controls: blanking, sync, reference 
white, and 10% bright. On-chip reg- 
isters latch these signals to prevent 
sereen-edge distortions. All logic in- 
puts to the chip are TTL and ECL 
compatible. The NE5151 has no 
memory look-up tables, but it can 
select colors from look-up tables in 
external-memory and access the 
three 4-bit DACs at update rates of 
150 MHz. Both devices use +5V 
supplies and operate over a 0 to 
70°C range. $43 (100). 

Signetics Corp, Box 3409, Sunny- 
vale, CA 94088. Phone (408) 991- 
4516. 

Circle No 396 





NPN TRANSISTORS 


The 2N6922 and 2N6923 bipolar 
switching transistors, which are 
members of the Switch Plus III 
family, offer guaranteed perform- 
ance specs at 100°C; they also fea- 
ture 15A nominal operating cur- 
rents. The 2N6922 specs a Vcro of 
400V; the 2N6923 has a Vcro of 
450V. Typical V cE at) is 0.8V at 
100°C. The JEDEC-registered tran- 
sistors suit 120/220V ac _ off-line 
switching applications at frequen- 
cies to 100 kHz. At 25°C, typical rise 
time is 32 nsec, fall time is 30 nsec, 
and storage time is 900 nsec. Oper- 
ating and storage junction-tempera- 
ture range is —65 to +200°C. The 
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transistors’ reverse-biased safe 
operating area permits inductive- 
load switching to 500V at 30A with 
no degradation. 2N6922, $12.60; 
2N6928, $14.50 (100). 

General Semiconductor Indus- 
tries Inc, Box 38078, Tempe, AZ 


85281. Phone (602) 968-3101. TWX 


910-950-1942. 
Circle No 397 


A Full Range of 
ELECTRONIC ROTARY SWITCHES 
from low-level to power applications 


SENSOR ICs 


This line of ICs combines tempera- 
ture monitors and heaters that allow 
monitoring airflow velocity past the 
device’s package. Programming a 
power level to be dissipated by the 
internal heater will cause the die 
temperature to rise by an amount 
dependent on the thermal resis- 
tance between the die and the sur- 





Interrupt Ratings: to 10 amps. Continuous Ratings: to 25 amps. 
Up to 48 Positions. Applications include: Communications Sy- 
stems... Computers & Peripherals... Test Equipment... Power 
Supplies ... Medical Electronics... Industrial Controls ... etc. 
Available with: Special Contacting (encoded, shorting/non-short- 
ing, etc.); Special Terminals (PC mounts, solder & quick-connect); 
Dual Concentric Shafts; Key-operated; Spring-return; Field Ad- 


justable Stops; etc. 


ELECTROSW/ITCH 


UNIT OF ELECTRO SWITCH CORP. 


180 King Avenue Weymouth, Massachusetts 02188 


617/335/5200 © TWX: 710/388/0377 


CIRCLE NO 55 
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rounding air. The effective thermal 
resistance is strongly dependent on 
the velocity of any airflow passing 
the package. As a result, the re- 
ported die temperature varies as a 
function of airflow. You can set a 
threshold using an onboard alarm 
comparator that results in an alarm 
output either if ambient tempera- 
tures rise above a specified level, or 





Electron & lon Beam 
alfa Mo) € le [=-] 0) o)/for- | 1[0) sa 


BERTAN EB and IB Series 


@ Research and Material Analysis 
(Auger Microprobe, Scanning 
bay (=tor ge) s 1a [Ter gek-yexe) 0) 1-9) 

@ Lithography-!IC Manufacturing © 

@ Testing of Chips and Waffers _ 

@ Microscopic Milling Machine _ 
(IB only)  -.- 


WES 
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if airflow in the surrounding envi- 
ronment diminishes to a set level. 
The devices come in three packages 
and satisfy a variety of applications. 
The UC3730N (Gn an 8-pin DIP) 
monitors ambient temperatures. 
The UC3730T (in a 5-pin TO-220) 
monitors surface temperatures, and 
the UC3730W (in a 12-pin “bat- 
wing’: a 16-pin outline with pro- 
truding tabs) monitors airflow in 
power supplies or anywhere fan 
cooling is critical. $1.75 (100). 
Unitrode Integrated Circuits 
Corp, 7 Continental Blvd, Merri- 
mack, NH 03054. Phone (603) 424- 
2410. 
Circle No 398 





DIFF AMP 


The INA105 combines a premium op 
amp and a precision, low-drift resis- 
tor network on a single chip. Laser 
trimming ensures accuracy (gain 
error, nonlinearity, offsets, and 
CMR) of better than +0.015%, thus 
eliminating the need for external 
adjustments. The device can draw 
20 mA from the positive supply, 
thereby simplifying 4- to 20-mA 
current-source and transmitter de- 
signs. Other features include CMR 
of 86 dB min, 5-psec settling to 
0.01%, and 2-mA max quiescent 
current. In a metal T0-99 package, 
$5.75 (100). 
Burr-Brown, Box 11400, Tucson, 
AZ 85784. Phone (602) 746-1111. 
Circle No 399 


ROMs 


The LH5300 CMOS ROMs specify 
30-wA standby current and maxi- 
mum operating currents as low as 


30 mA. The LH2300 Series is the 
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Development System Catches Bugs 


Before They Become Beasts. 


Orion’s UniLab II™ 
is four instruments 


in one. 

Here’s an Advanced 48-Channel 
Bus-state Analyzer, a real-time, 
real-world, In-Circuit Emulator, a 
Stimulus Generator for your 
special test cases, and a built-in 
EPROM Programmer, all in one 
small, $2,995 powerhouse. 

To find causes of software and 
hardware problems, Orion’s ‘“Non- 
intrusive Analysis”™ concept 
triggers on bug symptoms you specify. 
This mature product supports 46 


CALL TOLL FREE: 1-800-245-8500 


415-361-8883 in California 


VAX trademark of Digital Equipment Corp. UniLab is an Orion trademark. 
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ACTION COUPON 
Send me info on UniLab II and 
your No-Risk 10 Day Evaluation! 


microprocessors with one easy-to-use 
instrument. Personality Paks get you 
started fast, and if you need them, 
Orion’s team of Applications 























Engineers is only a toll-free callaway. , “@™* Title: 

You'll gain new development Company: 

] ; : Address: 
efficiency with our extensible . 
language macro capability not found ., _ 
even in more expensive systems. ii — : 
j , I 1 i el. et: 

UniLab II’s disk-based intelligence ara nee 


in your PC, VAX‘, or PDP-11 means 
much more for your money than in 
any stand-alone development system. 


Universal Development Laboratory 








You’ve suffered long enough, call 
Orion today! 


702 Marshall Street 
i Redwood City, California 94063 j 
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NMOS counterpart of the LH5300 
devices. Both families offer densi- 
ties ranging from 82k to 256k bits. 
For example, the LH23257 and 
LH58257 256k-bit (organized as 
382kx8 bits) ROMs have 250-nsec 


‘max access times and are TTL com-. 


patible. Lower speed, lower power 
CMOS devices in the LH5300 Series 
offer densities from 32k to 512k bits. 
In JEDEC-standard, 28-pin plastic 
DIP, the LH28257 and LH53257 
cost $4.34 and $6.18, respectively 
(5000). Delivery, eight weeks ARO. 
Sharp Electronics Corp, Sharp 
Plaza, Mahwah, NJ 07480. Phone 

(201) 529-8757. 
Circle No 400 


EEPROM 


The 8014 is a 16,3884-bit program- 
mable hybrid EEPROM that has a 
2kx8-bit format and 3-state out- 
puts. The device operates from —55 
to +200°C. You can reprogram it at 





temperatures as high as 150°C and 
read it at temperatures through 
200°C. The EEPROM includes on- 
chip address latches and a separate 
output-enable control. At 200°C, the 
device offers a 250-nsec access time, 
an operating power-supply current 
of 30 mA/MHz, and a standby pow- 
er-supply current of 20 mA. In a 
0.600-in.-wide, 24-pin ceramic DIP, 
$121 (100). Delivery, eight weeks 
ARO. 

White Technology Inc, 4246 E 
Wood St, Phoenix, AZ 85040. Phone 
(602) 437-1520. TWX 910-951-4208. 

Circle No 401 


CMOS 8-BIT pP 


The MSM80C85A-2 operates at 5 
MHz and draws less than 20 mA 
from a power supply. According to 
the manufacturer, this device is the 
industry’s fastest CMOS version of 
the 8085A-type 8-bit wP. It uses a 
multiplexed address/data bus. The 
device provides direct interface to 
the on-chip address latches of the 
MSM81C55 CMOS static RAM/tim- 
er and I/O chip and also to the 
MSM8&8C55 CMOS 2kx8-bit ROM 
and I/O chip. The MSM80C85A-2 
operates on a 4 to 6V supply and 
over —40 to +85°C. Other features 
include full compatibility with the 
NMOS 80854; a 0.8-ysec instruction 
cycle; an on-chip clock generator 
with external crystal; an on-chip 
controller; advance cycle-status in- 
formation available for large-system 
control; four vectored interrupt in- 
puts; a serial-in/serial-out port; dec- 
imal, binary, and double-precision 
arithmetic; and addressing capabili- 


roughout the disk drive industry, the Fujitsu name stands for proven 
echnology, superior performance and unmatched reliability. 
Throughout the world, the name represents a company that comes through 











with products instead of promises. 

And when it comes to 514” Winchester disk drives, Fujitsu America has a new 
172MB drive, with units available today for your evaluation. 

It’s the newest member of our 514" disk drive family—and it’s based on the same 
proven technologies. It’s fully compatible with industry standards. And it gives you 
a significant price/performance advantage. 

This drive represents a major step in the evolution of your multi-user system. And 
Fujitsu America has the technology, the strength and the experience to help you 
continue on that growth path. 
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ty of as many as 64k bytes of memo- 

ry. In a 40-pin DIP, $7.30 (100). 
Oki Semiconductor, 650 N Mary 
Ave, Sunnyvale, CA 94086. Phone 
(408) 720-1900. TWX 910-338-0508. 
Circle No 402 


MULTIPLEXERS 


The DG508A and DG509A symmet- 
rical analog multiplexers are 8-chan- 
nel and 4-channel devices, respec- 
tively. The company guarantees 
these devices have break-before- 
make switching and that they will 
not latch up if the power supplies 

















this name represents 
built into these 514’ drives. 


are turned off with the input signals 
still connected. Improved specifica- 
tions, as compared with industry- 
standard devices, include lower pos- 
itive and negative supply currents 
(+0.2 vs +2.4 mA), lower drain-off 
and drain-on leakage currents (5 vs 
20 nA max), lower source-off leak- 
age current (1 vs 5 nA), and a lower 
drain-to-source On resistance (130 
vs 2800). These devices are 100% 
burned-in at 150°C. In a 16-pin plas- 
tic DIP, $4.30 (100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 403 


MOTOR DRIVERS 


The UC3620 and UC3622 motor- 
drive ICs feature decode logic that 
interfaces directly with TTL-com- 
patible, Hall-effect position sensors; 
moreover, the devices have internal 


high-gain amplifiers and employ 








switch-mode operation that mini- 


mizes power dissipation. The 
UC3620 uses fixed-off-time, cur- 
rent-mode control; the UC3622 has 


fixed-frequency, voltage-mode con- 


trol. The devices are rated at 2A de 
(3A pk), 40V. In a 25W, 15-lead 
package, $7.40 (100). Delivery, 
eight weeks ARO. 

Unitrode, 7 Continental Blvd, 
Merrimack, NH 03054. Phone (603) 
424-2410. 

Circle No 404 


So no matter what capacity 544" drive you need, you can be sure of its performance, 
reliability and delivery. We keep close control of all three by manufacturing virtually every 
component of our drives ourselves. And we recently opened a plant that adds 220,000 



































square feet to our 514" and 314” manufacturing capacity. Model M2233 M2236 «M2243 M2246 
For more information about Fujitsu's full family — Gitomtes) «= BHP 

of S14! ' drives, call (408) 946-877 7. Or write Fujitsu Pccess Me ED =< a 

America, Inc., Storage Products Division, 3055 TransferRate(KBisec) 625 6256251250 

Orchard Drive, San Jose, CA 95134-2017. —— 
When you want the best in data storage technology 

—and you want it now—just remember our name. ny 

; , FUJITSU 
We're developing technology for you. cemmmeety 
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STD BUS CARD 
The R-188, a 512k-byte dynamic- 


RAM card, works with 8-MHz 
CPUs and supports STD Bus 20-bit 
8088 memory addressing. You can 
map the two 256k-byte blocks of 
memory into the 1M-byte address 
space on any jumper-selectable 
256k-byte boundary. A RAM-con- 
troller chip performs onboard mem- 
ory refresh. The card fully supports 
high-speed DMA to onboard memo- 
ry in the byte, burst, or continuous 
modes. Onboard parity generation 
and checking will produce an inter- 


rupt on detected parity errors; 
strap options allow nonmaskable in- 
terrupts on parity errors. LEDs 
indicate onboard errors for each 
confirmation. 256k-byte board, 
$376. 

RLC Enterprises, 1117 Hillview 
Dr, Milpitas, CA 95085. Phone (408) 
946-7471. 

Circle No 405 


ST506 CONTROLLER 


The SDC-RQD11-B Winchester 
controller uses the industry-stan- 
dard ST506 disk-drive interface and 
communicates with the host com- 
puter via DEC’s mass-storage con- 
trol protocol (MSCP). You can con- 
nect two ST506-compatible, 5%%4-in. 
Winchester disk drives to each con- 
troller; as many as three controllers 
can operate in one system. Using 
DEC’s MSCP, this controller runs 
on standard operating systems 
without software modification. The 





device is hardware compatible with 
DEC’s LSI-11 Series and MicroVAX 
I and II CPUs as well as Motorola 
68000 and National 32032 Q Bus 
CPU designs. The module imple- 
ments current Q Bus _ enhance- 





Around the world lon Implantation Equipment 
is being powered by the new 4800 Series 


HV Power Supplies. 


The 4800 kW system has been designed to 
the leading edge of HV technology, and 
offers hitherto unattainable standards of 


flexibility and stability. 


It provides a controlled continuous d.c. 


output, with either positive or negative 
polarity, rated from 20 kV-200 kV as 


standard. Yet units are so compact, they 
may be hand-carried for either bench 


or rack mounting. 


So if you need a supreme HV power 


supply for ion implantation or 
other demanding applications, 
get full details of the Series 4800 
today! They'll make a world of 
difference. 


HUNTING 


: HIVOLT 


Hunting | Hivolt 


YOUR, POWERFUL PARTNER. 


Hunting Hivolt, 1008 West Ninth Avenue, King of Prussia, 
PA 19406, USA. Tel: (215) 265 7462. Fax: (215) 265 1982. 


Hunting Hivolt Limited, Riverbank Works, Old Shoreham Road, 


Shoreham-by-Sea, West Sussex, England BN4 5FL. 


Tel: (0273) 454511. Telex: 87466. Facsimile: (0273) 454471. 
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Up to 
200 kVwith 4 
HV disc system 
readily 
available. 


CIRCLE NO 58 
















First European High Voltage Manufacturer to hold Defence Standard 05-21/AQAP1. 
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ments, including 22-bit addressing 
and block-mode DMA transfers. 
Other features include 32-bit error 
checking and correction, bad-block 
replacement, transparent read 
retry, automatic onboard bootstrap, 
data buffer, and LED indicators. 
$1295. 

Sigma Information Systems, 
3401 E La Palma Ave, Anaheim, CA 


92806. Phone (714) 630-6553. TLX 
298607. 
Circle No 406 


STD A/D CONVERTERS 


Models 7110 and 7120, based on 
National Semiconductor’s ADC 
1205, are available for the STD Bus. 
These A/D converters feature high 


The IQ-400A has the highest IQ in its class 


| Digilec 


Program IQ-400A from the front 
panel with step by step prompts. 





Low cost IQ-400A panel monitors 
with on-off control provide applica- 
tion flexibility and fully prompted 
front panel setup. Design them into 
new or replacement equipment. 


IQ-400A Features: 

= Four setpoints for alarm/control. 

# Interfaces with Digitec printers 
and other equipment. 

® |Industrially rugged standard DIN 
case NEMA 12 sealed to panel. 

® Display readings, minimums, 
maximums, averages, totals, and 
setpoints. | 

® Bright nine character 
alphanumeric display with 
user-definable labeling. 

# Assured high accuracy with 
SelfCal™ digital autocalibration. 

® Optional outputs include 
additional open collectors, an 
RS-232 serial communications port, 
or offset and scalable analog 
interface. 


Get Monitor/Control 
versatility with these models: 
Strain Gage/Load Cell-Select input. 
Program balance and span. Display 
peaks, totals, limits, counts, net, 
gross, etc. Front panel auto-tare key. 
Thermocouple (TC) Temperature— 
Select °C/°F and TC type UJ, K, T, E). 
RTD Temperature—Select °C/°F and 
3-/4-wire 100 ohm Pt RTD input. 
Process Variable—Easily program 
offset and scale. Display any process 
variable in any unit of measure. 


Digitec Corporation 

918 Woodley Road, P.O. Box 458 
Dayton, Ohio 45401-0458 
Phone: 513-254-6251 

Telex: 6874219-W.U.I. 


Flexibility/ Economy/ Service/ Quality 


Digilec. 
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noise immunity, low power con- 
sumption, and 13-bit resolution (12 
bits plus sign). Conversion time is 
108 ysec. You can configure the 
inputs as 16 single-ended or eight 
differential channels; the input volt- 
age range is —5 to +5V. Two chan- 
nels can handle 4- to 20-mA or 10- to 
50-mA inputs. Gain is hardware or 
software selectable. Prices start at 


$385. 
Cubit, 190 S Whisman Rd, Moun- 


tain View, CA 94041. Phone (415) 
962-8237. 
! Circle No 407 





UNIBUS RAM DISK 


The N7000 semiconductor-based, 
disk-emulating memory specs an ac- 
cess time of 200 psec, which in- 
creases memory access in Unibus- 
based computers tenfold, according 
to the manufacturer. The memory 
consists of a card cage that holds 
4M-byte memory boards, allowing 
you to increase storage from 28M to 
224M bytes. Two Unibus processors 
can access the dual-ported memory 
simultaneously, and the memory 
can transfer data at 1M byte/sec. 
The memory, which emulates 
DEC’s RKO7 disk system, is com- 
patible with all DEC operating sys- 
tems that operate with the RK611 
Unibus disk controller. You can add 
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New! Sp 


These new CTS “board hugger” sur- 
face mount networks reduce board 
space requirements by over 50% in 
comparison with discrete resistors. In 
addition, your total installed costs are 
greatly reduced by eliminating dis- 
crete inventory costs as well as labor 
costs in attaching discretes to PC 
boards. 

Reliability? CTS resistor network re- 
liability has set industry standards for 
decades! Our network reliability is 
backed by 148,000 element years of 
continuous life testing—unmatched 
anywhere. These new surface mount 
networks meet the same exacting 
quality standards you've come to ex- 
pect from CTS. 








Series 207—Surface mount, 
process compatible 
AUTO-DIP™ Switches 

Phone: (805) 238-0350 
CIRCLE NO 49 





Series SMXO-55 Surface mount 
hybrid clock oscillator 

Phone: (815) 786-8411 

CIRCLE NO 88 


_ New! Spz ce saving Surface Mount Resistor Networks 
with proven CTS reliability 


BOARD HUGGER RESISTOR PACS 
shown on board above. 


@ Gull-Wing Series 760 
Available with 8, 14, 16 or 18 leads. 


& Stub Lead Series 760 
Available with 8, 14, 16 or 18 leads. 


6} Leadless Series 765 
Available with 8, 14, 16 or 18 solder pads. 


@ Small Outline Series 766 
Available with 14 or 16 leads. 


8 Leadless Series 762 
Available with 8, 14, 16 or 18 solder pads. 


Packaging: Tube or bulk with optional reel 
packages where applicable. 


WRITE TODAY for Test Report and detailed 
specifications on the new CTS “board hugger”’ 
Surface Mount Resistor Networks. Contact: 
CTS Corporation, 406 Parr Road, Berne, IN 
46711. Phone: (219) 589-8220. 


CIRCLE NO 10 


MEANS RELIABILIT 


CTS CORPORATION @ ELKHART, INDIANA 


SIP networks 








Series 750 R/C Machine 
insertable Resistor/Capacitor 


Phone: (219) 589-8220 
CIRCLE NO 127 









[Engineer's Experimentation Kit 


for CTS Surface Mount 
Resistor Networks 


| 

| 

| Develop your own sur- 
| face mount resistor 
network circuits with 
this handy CTS Board 

| Hugger Kit. You get 5 

| samples ofeach resistor 
| pacshown here—total 
| 25 unitsin random 

| values. Introductory Offer—Only $59.95. 
| 

| 

| 

| 

| 

| 

| 

| 

| 





Send check, money order, or purchase 
order to: 

CTS Corporation, Berne Division 

406 Parr Road, Berne, IN 46711 
EDN041786 

Name 





Company 





Address 








State__. sd Zip 


City ea a 








Series CCXO-140 Leadless 
chip carrier crystal oscillator 
for surface mounting 

Phone: (815) 786-8411 
CIRCLE NO 166 ; 
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Need switches 
that look as good 
to purchasing 
agents as they 
do to design 

engineers? 





























Just ask us! 


Unimax switches deliver the appearance, perfor- 
mance and price that make everyone look good. Out 
front, that quality is easy to see. Handsome chrome 
bezels and a range of lens colors, sizes and shapes 
deliver the good looks your customers want. And 
there’s even more quality behind the panel. 

Like switches designed for maximum versatility and 
fast delivery. Modular LPB’s and keylocks with inter- 
changeable prewirable switch elements that reduce 
inventory requirements and speed installation. 
Switches that convert from alternate to momentary at 
the flick of a lever. Models with minimum behind- 
panel depth to solve any space problems. Multi- 
position, interlock and key-operated oil-tight models. 

For a free sample that matches your needs, send us 
your specs and a description of your application on 
your letterhead. Or call for the location of your near- 
est distributor or sales representative. 

To discover why Unimax should be your complete 
source for switches, just ask us! 


Unimax ~Y Switch 


Ives Road, Wallingford, CT 06492. (203) 269-8701. 
CIRCLE NO 223 EDN April 17, 1986 
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battery backup. Including a 1-year 
warranty, a 28M-byte version costs 
$39,500. 

Nissho Electronics (USA) Corp, 
Inwood Park, Suite 200, 17810 Red 
Hill Ave, Irvine, CA 92714. Phone 
(714) 261-8811. 


Circle No 408 





DATA ACQUISITION 


The DT2821-F data-acquisition 
board for the IBM PC/AT samples 
16 single-ended or eight differential 
analog inputs at 180 kHz and specs 
12-bit resolution. In addition, two 
12-bit D/A-converter channels pro- 
vide analog outputs at a 180-kHz 
throughput rate. For digital I/O, the 
board includes 16 I/O lines. The 
board supports five levels of inter- 
rupts and DMA transactions for 
communications with the PC/AT. 
You specify the sampled channels 
and the order of sampling in the 
board’s channel-gain-list RAM. You 
can use a library of subroutines in 
the manufacturer’s Atlab software 
package to write your applications 
software. DT2821-F, $1595; Atlab 
package, $449. 

Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(617) 481-3700. TLX 951646. 

Circle No 409 


PC D/A CONVERTER 


The PCI20021M-1 instrumentation 
module fits into the manufacturer’s 
carrier boards, which plug into the 
IBM PC, PC/XT, or PC/AT. It pro- 
vides eight channels of 12-bit D/A 
conversion, %-LSB linearity, and 
500-wsec settling time. Onboard 
RAM holds eight voltage values 
that a D/A converter consecutively 
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converts and stores in an S/H ampli- 
fier in one of the channels. The D/A 
converter refreshes data automati- 
cally. In addition, you can use on- 
board memory to store data setups. 
$495. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. 

Circle No 410 





NOW THERE IS ONE PROGRAMMER THAT 
CAN PROGRAM ALL THESE DEVICES. 


The software configured 
OMNI 64. From little 8 pin 
MOS memories with serial 
1/O like the NMC9306 to 
the new 40 pin 16 bit wide 
one megabit EPROMs. 
From ECL PALs* to single 
chip CMOS microproces- 
sors. Because the only pro- 
grammer with patented 
80V, 10 amp bipolar pin 
drivers at every pin is the 
OMNI 64. Pin drivers with 
over 4000 steps of voltage 
resolution, current resolu- 
tion down to 20UA per 
step, and timing resolution 
of 1 nanosecond per 

step. The result... There 
are no known devices 


which these pin drivers 
cannot program. 

But OAE doesn't just 
sell super programmers, 
we sell solutions. And 
the real solution to the 
exponential growth of the 
programmable semicon- 
ductor market includes di- 
rect access by modem to 
the largest data base of 
test and programming al- 
gorithms available today. 
A data base of over 1000 
parts that is growing at 
the rate of more than 1 
new device per day. And 
the icing on the cake... 
Every OMNI owner now 
has free access to this 


CIRCLE NO 60 


data base for two years! 

Victor Hugo once said 
that there is nothing so 
powerful as an idea 
whose time has come. 
Call today for more infor- 
mation on an idea whose 
time has come. 


*PAL is a registered trade mark 
of Monolithic Memories. 


OQAE 


Oliver Advanced 
Engineering, Inc. 

676 West Wilson Avenue 
Glendale, CA 91203 
(818) 240-0080 

Telex: 194773 

Cable: OAEINC 
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Our special designs... 
for your special designs. 





Special Pots from Spectrol 


For more than 30 years, designers with 
application problems have turned to Spectrol for 
special pot solutions. They have come to us for © cermet, 
conductive plastic, and wirewound pots @ linears and non-linears 
e special torque devices ® concentric shafts ¢ spring returns 
e linear motions @ pot/switch combinations ¢ element 
sectors ® 1000°F pots © motion and position sensors. 
So for help with your tough applications, 
come to Spectrol. Let us design a 
‘“‘Problem Solver’’ for you. 


WAUNITED 
ZZ TECHNOLOGIES 
STANDARD 





UNITED STATES @ Spectrol Electronics, Po. Box 1220, City of Industry, CA 91749, U.S.A. (818) 964-6565 © TWX (910) 584-1314 
UNITED KINGDOM e Spectrol Reliance Ltd., Drakes Way, Swindon, Wiltshire, England ¢ Swindon 21351 e TELEX: 44692 
ITALY ¢@ SP Elettronica SpA, via Monti, 23, 20016 Pero (Milan) Italy ¢ (02) 35 30 241 e TELEX: 330091 
GERMANY e Sales Office, Spectro! Electronics GmbH, Oberauerstrasse 15, 8000 Munich 70 West German (089) 7145096 ¢ TELEX: 05-213014 
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SINGLE-BOARD ,.C 


The FX-97 single-board computer 
connects directly to a terminal and 
power supply so you can use it as a 
stand-alone system. The board in- 
cludes two serial ports, eight analog 
inputs with 10-bit resolution, 32 
parallel I/O lines, five counters, and 
48k bytes of RAM, EPROM, or EE- 
PROM. The 16-bit processor runs at 
12 MHz. Available with the F'X-97 
is a system monitor to simplify pro- 
gram testing and debugging. The 
monitor lets you download software 
from a host computer. A resident 
interpretive Basic package is also 
available for writing programs 
without a host computer. The board 
measures 5.758 in. Assembled and 
tested, $425; bare board, $75. 
Allen Systems, 2151 Fairfax Rd, 
Columbus, OH 43221. Phone (614) 
488-7122. 
Circle No 411 





SYSTEMS BOARD 


The Model 305 multifunction sys- 
tems board includes a DLV-equiva- 
lent console-interface port, a soft- 
ware-programmable watchdog 
timer, and time clock. Diagnostic 
bootstrap PROMs for such I/O and 
storage devices as DECnet, RK06, 
RLO1/RL02, TU58, RX01, and 
RX02 are optional. The device also 
includes 4-level interrupt pro- 
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cessing and 22-bit addressing. Com- 
patible with the DEC Q Bus micro- 
computer series, it comes on a 
dual-height board that measures 
8.9x5.2 in. $450. 

Computer Products, Grant Tech- 
nology Div, 11 Summer St, Chelms- 
ford, MA 01824. Phone (617) 256- 
8881. 

Circle No 412 











exceptional.. 


advantages: 


circuits or package designs. 


specifications. 
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_ For over 25 years Arnold Magnetics has been building high — 
reliability power supplies...it's been our specialty. Over the years 
- our units have proven themselves in thousands of tough military/ 

government and demanding industrial applications. i ve been 
.and they keep getting better! © 


Our innovative pre-designed module poncer offers many 


TAPE COUPLER 


The DQ142 tape coupler connects 
¥Y-in. tape drives to DEC LSI-11 
and Micro PDP-11 computers. It 
has a 4k-byte FIFO buffer and can 
switch-select DMA burst size to ei- 
ther two or four words. Users can 
attach virtually any 9-track, %-in. 
magnetic tape drive to an LSI-11 
system, and they can configure as 












@ Predictable reliability that reduces the failure risk of custom 


@ Tailored “custom” units in 8 to 12 weeks without NRE charges. 
& Choice of 1 to 8 DC outputs with AC or DC inputs. | 
m™ Performance to MIL-STD-810C, Me E- 5400 and MIL- E- 16400 


@ High density (5.33 watts/cubic inch) eneapsulaicd packages that 
are 50% to 75% smaller than other switching power supplies. © 


Send for our ‘“‘Design-Your-Own’’ High Reliability Power Supply 
— Catalog today. Better yet, call us toll free 1-800-421-8181 
uv California 213/390-3537) and ask for it! 


ARNOLD e MAGNETICS 





ARNOLD MAGNETICS CORPORATION 


11520 W. Jefferson Blvd., Culver City, CA 90230 
(213) 390-3537 * (213) 390-8837 « TWX 910-343-6486 
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many as four tape drives per cou- 
pler. The tape coupler can connect 
to 800-bpi NRZ drives, 1600-bpi 
phase-encoded drives, and 6250- 
bpi group-code-recording (GCR) 
drives, as well as  dual-density 
(1600/8200 bpi) and tridensity (800/ 
1600/3200 bpi) drives. A 2901 bipo- 
lar ~P implements controller func- 
tions, and an automatic self-test 





Dont sacrifice 
quality for 
price. The V90 
Series modular 
optical encoder provides 
lasting performance, and 
its low priced. Easy to 
install on motor shafts, 
these Honeywell units 
include a high stability 
polycarbonate photohead 
complete with a 
custom square- 
wave Output 
comparator 
chip. With its 
resolution from 
200-1200 ppm, its 
many uses include— 


SINGLE EVALUATION UNIT 
AT $19.95 TO QUALIFIED 


0.E.M. CUSTOMERS 
CONTACT THE FACTORY 
FOR DETAILS OF OFFER!! 





Great Quality 
Greater Economy 





today! 








streamer tape 

drive, velocity 
feed back, dot 

matrix print-head 

position, x-y positioning 
tables, plotter pen position 
drives. If size is a problem, 
try Honeywells 1.5” V70 
Series. Both are available 
immediately in low priced 


OEM quantities. Call 





V90 Series 
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Honeywell 


Disc Instruments Subsidiary 


102 East Baker Street, Costa Mesa, CA 92626 _ 
714-979-5300 * TWX (910) 595-1987 DISC CSMA 
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feature initiates onboard diagnos- 
tics at power-up. Operating over 
ambient temperatures between 50 
and 140°F and humidity ranging 
from 10 to 90%, the quad-sized tape 


- coupler draws 4A at 5V from the 


CPU power supply. It provides TS- 
11/TSVO5 subsystem compatibility 
using DEC operating systems, in- 
cluding RT-11, RSX11M, and 
RSTS. $1260 (OEM qty). 
Distributed Logic Corp, Box 
6270, Anaheim, CA 92806. Phone 
(714) 987-5700. TLX 6836051. 
Circle No 413 





PC/AT BOARDS 


The Persyst Mono Combo/AT and 
Persyst Color Combo/AT boards 
supply I/O ports, memory, and a 
display adapter to the IBM PC/AT. 
The Mono Combo/AT module in- 
cludes a parallel port, an asynchro- 
nous serial port, 128k to 1.5M bytes 
of memory, and a monochrome-dis- 
play adapter. The adapter drives 
IBM’s monochrome screen and is 
software compatible with IBM’s 
Monochrome Display Adapter, ac- 
cording to the manufacturer. The 
Color Combo/AT module offers the 
same parallel port, serial port, and 
memory as the Mono Combo/AT but 
has a color-graphics-display adapter 
instead of monochrome. The color- 
graphics -display adapter is fully 
compatible with the IBM Color/ 
Graphics Adapter. You can assign 
all of the 1.5M bytes of memory to 
the PC/AT’s extended (more than 
1M-byte) memory, or you can split 
the assignation between the ex- 
tended and base (256k to 640k 
bytes) memory. This choice makes 
the Combo/ATs suitable for DOS 
applications, which use base memo- 
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DELIVERY: Spee of: rellable* offs 


the-shelf standard products: or a fast; 

experienced, response. to: your special/ 
custom: requirement. Advanced, - yet 
economical products backed: by. a 
standard two (2) year warranty. 


SWITCHING POWER SUPPLIES — 
The world’s smallest, 1 to 5 outputs 
over a range of 25 to 200W. Features 
include UL, CSA, and VDE approval, 
input line filters, selectable inputs, and 
high efficiency operation. 


DC-DC CONVERTERS — A full line of 
encapsulated and open board power 
converters featuring 1 to 60W, single, 
dual or triple outputs, high input/output 
isolation, 2:1 input voltage range, high 
efficiency, and remote on/off. 
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UNINTERRUPTIBLE POWER'SYS- 
TEMS —200W and 420W models 
provide reliable back-up power to 
computer based equipment in the event 
of power failure. Features include 1.5mS 
transfer time, audible/visual alarms, 
internal battery and desk-top styling. 


Product and performance, Power 
General delivers the total solution to your 
power requirements. Products that fit 
your needs. 


For complete technical data contact 
your nearest POWER GENERAL 
sales office or call our Instant Litera- 
ture Line: 

617-828-6216 Ext 322 
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2052539-847 6:2: MB s800-336-3742 0K »2 14 437-4839 
602-994-5153 "s-MA 617-449-7400 © SOK" 7132462-.1432 
714-998-8200 Mi: <313:59156112 OR. 503635: 3540 
800-874-3821 MN 612-888-7011 PA. 215-631-1474 
408-358-3861 MS 919-722:9445 PA ?-614-761-317-7 
303-799-6063 MO 314-839-0800 RL 617-449-7400 
203-248-4380 MT 206-353-1833 SC. 919-722-9445 
800-336-3747 NE 314-839-0800 SD :. 612-888-7011 
305-724-1027 NV 702-329-9440 TN 919-722-9445 
305-587-7146 NH 617-449-7400 TX 214-437-4833 
813-923-2804 NJ 201-340-1515 TX 713-462-1432 
919-722-9445 NM 602-994-5153 TX 512-459-0802 
206-353-1833 NY 315-662-7996 UT 801-546-4029 
312-991-2144 NY 518-274-4758 VT 617-449-7400 
614-761-3177 NY 607-756-6592 VA 703-478-2480 
319-365-8071 NY 716-223-1030 VA 800-239-8486 
816-229-4007 NC 919-722-9445 WA 206-353-1833 
614-761-3177 a 612-888-7011 WN 614-761-3177 
617-449-7400 614-761-3177 312-991-2144 
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FEMALE CONNECTOR 





Module board signal lands 


Power or ground lands 


Module 


on .050 centers 


Connector 
rows on both 


Power pin spans two 
connector positions 


® High density 
interconnect system with 
4 rows on .100" grid. 

® Shortest conductor path 
between module board 
and backpanel, with 
consistency of distance 
between all four rows 

® Optional power and 
ground busses 


® Optional Keying 

® Low insertion force 

® Male press-fit design or 
solder tail 

® Early mate power pins 

® Female surface mount 
adapts to either vapor 
phase or reflow 
soldering 


Press-fit power pin 
span two connector 
positions 


Backpanel 


m0) @r- Wi t=\-m ©) celeialele= 
write to: 

‘sai fclomn Gre) gele)e-ltle)g 

1097 Yates 

Lewisville, Texas 75067 
214/221-8776 

or call toll free: 
1-800-527-0753 
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MALE CONNECTOR 





Press-fit pins 


Power and ground 
busses 


In Europe: 

Elfab Europe, B.V. 
Raheen Industrial Estates 
Limerick, Ireland 
(061)-27600 Telex: 70150 


INTERCONNECTION 
NO ANI@) a te) 








COMPUTER-SYSTEM SUBASSEMBLIES 








ry, and for operating systems that 
use the extended memory (eg, 
Xenix). Either board, including 


128k bytes of RAM, $595. 

Emulex Corp, Box 6725, Costa 
Mesa, CA 92626. Phone (800) 368- 
5398; in CA, (714) 662-5600. 

Circle No 414 





STD BUS CONTROLLER 


The FLP-880 floppy-disk-controller 
card for the STD Bus can control 
6.6M-byte, 5%-in.; 1M-byte, 3'%-in; 
and 8-in. floppy-disk drives. The 
controller is available in a CMOS 


i 

ui 
9 
x. 
a 
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version for low-power applications. 
With read, write, and format func- 
tions that are software configur- 
able, you can mix and match drive 
types and formats within the same 
system. Using a DMA circuit, this 
controller can interface to a Z80 
CPU with clock speeds greater than 
8 MHz. It can accommodate single- 
or double-sided drives, and single- 
or double-density operation. Soft- 
ware support includes the BIOS for 
CP/M 2.2 and MP/M. $232 (OEM 
qty). 

Computer Dynamics Inc, 105 S_ 
Main St, Greer, SC 29651. Phone 
(803) 877-7471. 

Circle No 415 


SERIAL CONTROLLER 


The V/SIO 3208 is a serial communi- 
cations controller with eight inde- 
pendent, full-duplex RS-232C chan- 
nels on a single VME Bus board. 
Four software-programmable inter- 





rupts for each of the eight channels 
help to increase the throughput 
rate. The unit offers programmable 
baud rates from 50 to 19.2k bps; 
modem control; asynchronous, syn- 
-chronous, and SDLC bit-synchro- 
nous modes; local loop-back; and au- 
to-echo modes. It also provides 32- 
or 24-bit addressing. Two RS-232C 
ports, on individual headers on the 
card front and on the P2 standard 
DIN connector on the back, are 
provided. $795. 

Interphase Corp, 2925 Merrell 
Rd, Dallas, TX 75229. Phone (214) 
350-9000. TLX 732561. 

Circle No 416 


\ NCED POWER CORP 


- 10440 N. Tantau Avenue, Cupertino, CA 95014. (408) 255-9955. 


QUANTITY 
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ce) ie] splay monitors are engineered for 
ance and high value, while our impressive 
of features score high marks with computer people, | 
_ industry-users, lab technicians and R&D personnel. : 
These features include: 


(1) 1280 x 1024 pixels with greater than 100mHz of video 
- frequency response. 
oo _| Horizontal deflection frequencies available from 15 to 
a 64kHz on monitors with medium to ultra high resolution. 
| | |_| A variety of sizes from 9” to 26", analog and TTL, 
: * é aarolarecevalcelanismelalemee)ele 
*«* , Mm =16)lan o)ccrercielamlablliacme|elamelalemelcliccmelUlameealileleleciielary 
* - _ | | Neatly packaged for ease of maintenance, with or without . 
an enclosure. 
. | | Exceeds safety and emissions requirements: UL, CSA, 
oo ¢ Be Or | Or: \are alg @) = 
| | Precise geometry, superior linearity and color stability 
assure reliable and repeatable images. 































Lexe Feligleom oko) (claecl0] 0) oli (exomre] ve mexelatl eli arom (lea lale) (eye hy 
relate Mexoxelaveliahvamclaremtaremieliceyuaiare mie] oleia (elm isr- dU ccs) 


| | Designed for a variety of applications, including computer 
and communications systems | 
, is abLAllOg. from. 120 to 1000 watts with 4 Or 5. user 


Meet international EMI and safety requirements: 
aC, UL, CSA, IEC and VDE Standards 

bre and burmed-in to nsure qualily. , 
| | Saft start with Overload and overvoltageé protection s fandard. 
| 4 Offered in both open frame and enclose ze) de SIGNS. , 
















Toge als) or alone, when you consider great technology, 


ee v ee j at economical priges, the namé to watch Is Ikegami. 










CIRCLE NO 227 














sift 
Lpisfeiiresy 


fy H 4 
he HARE, z 
A 
iy A OHID 
MONROE 

i its 
Hen 
ERD 


His 
shit 


mt 
He 


Mee 
setae: 
A 





SS 








‘ ays taneth ene 
eT Taal 


ae 


eexpanisv? 





apie? te” soogerst agent” 
toysensare?* 








eigiaiensae” Seiaiaineee 





Hisee 


iii” 








‘signi 





STYLETTE”.. latest in 
McGill’s new generation 
of switches. With softer 
iTatstom (atclmsialals sem elele 


will pay you to look at McGill's 
array of bright designs 

that work as good as 
they look. For the free 




















product’s styling. Backed SB 16k bulletin 280A, call us at 
by McGill’s proven-in-use a | (219) 465-2200 or write 
mechanical excellence. * | cGill Manufacturing Co., 
malUlomsjtclitsyt ers lee Ural Nmee)al (ce)|(=76) + & Inc., Electrical Division, 
manufacturing and just-in-time : 1002 N. Campbell Street, 
delivery. Featuring miniature size “XN Valparaiso, IN 46383. 
(.955” x .890” x .490”), plastic snap-in . -ELECTRICAL/ELECTRONICS 
ezels for fast, easy installation, 12 amp ns 
capacity standard— 15 amp available, a 


variety of circuit arrangements and rocker 
colors. STYLETTE...just one more reason it 


MWGILL 


PRECISION BEARINGS 


z 








gives your designs style, reliability, just-in-time delivery 


Circle 8 for Literature Only (oll ceil-We Vanco) am Oxelaic-leam@o)vM C-laleliclei eles 





Looking For 


Reliable 
LOW PROFILE 


Machined Sockets 
Or Strips? 














When it comes to 


SUDDEN SERVICE 


Samtec really is 
a different breed 










Low Profile Socket Strips a. 
bs. \ 
; ; , _ WRITE TODAY for our new 
Low profile. Today’s design engineers require versatile, low profile ¢, SE 72-page full line catalog. It has 
parts to meet the requirements of high density packaging. Samtec wo. MMB been revised and enlarged to 
offers a broad selection of DIPS, adaptor plugs and strips with ee mae include many new prod- 





sockets as low as .070” off the board. Custom designs on DIPS and \om ucts. And it contains 
pin grid arrays are available in low profile versions as well. ad ‘i complete specification 


You can always rely on Samtec SUDDEN SERVICE for dependable = data for fast, easy order- 
low profile products. ing. Get yours today. 


SUDDEN SERVICE 


P.O. Box 1147 - 810 Progress Blvd., New Albany, IN 47150 USA. 
Phone: (812) 944-6733 - TWX 810-540-4095 - TELEX 333-918 





© Samtec, Inc. 1986 
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software includes Grealstar for the 
generation of nonstandard tests, 
and Loadstar, which allows you to 
use the system in an interactive 
mode. Optional hardware includes a 
750-VA solid-state ac source, a mul- 
tichannel timing module, a module 
for measuring ripple and noise, and 
a 0 to 75V, 100W de source. From 
approximately £20,000. 

Intepro Systems Ltd, Plassey 
Technological Park, Castletroy, 
Limerick, Ireland. Phone (858) 61- 
332233. TLX 70110. 

Circle No 421 


DISK-CONTROL BOARD 


The CT-68VIDC has an onboard 
68000 or 68010 wP that executes a 
firmware disk-caching algorithm for 
high-speed access to 5%-in. disk 
drives on its SCSI interface. A 2- or 
4-channel DMA controller allows 
SCSI bus data-transfer rates as 
high as 1.5M bytes/sec. Versions are 
available with either 128k or 512k 


40° to 85°C Gpereting 
__TemperatureRange | 
@ Unregulated 8 to 18 VDC. 
_ Supply Voltage —sTj 


uartic Systems C-44 bus micro- 

omputers feature low power con- 
sumption and ruggedness. Typical _ 
C-44 board-level systems use 50 to 200 


times less powe : si See CMOS 


ate age. and others. Under the ocean, on 
‘mountain top, or ona factory floor, QSI's C-44 
omputers provide rugged, economical solutions. 
| ee Quartic Systems, Inc. 
3575 South West Temple, Suite 7 


‘(Salt Lake City. UT 64115 ~=C 
_(801)268-9264 Telex: 887430 
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bytes of dual-ported memory, which 
you can expand to 2M bytes by 
adding a daughter board. Space is 
also provided for as much as 128k 
bytes of onboard EPROM. The 
board has an MMU and a VME Bus 
master-to-slave interface that in- 
cludes a single-level bus arbiter and 
interrupt handler. A programmable 


M15 


QUICK-MOUNT 


L] 1/4 to 3/8” shafts 
L] Square wave output 
L] Up to 1000 PPR 


LJ Wire or ribbon cable terminations 
_] Differential line driver output option 
LL] 148 month warranty 


MCD’‘s Quick-Mount modular encoders offer a low 
profile with low inertia and cost-effectiveness. 

No assembly and alignment problems commonly 
associated with kit encoders. Call or write for 
complete specifications today. 


interval timer and self-test firm- 
ware are also included. $2000. 
Integrated Micro Products Ltd, 
Number One Industrial Estate, Me- 
domsley Road, Consett, DH8 6TU, 
UK. Phone (0207) 503481. TLX 
53429. 
Circle No 422 





FUNCTION GENERATOR 


The AFG function generator, which 
incorporates a 40-digit alphanumer- 


ic display, provides a_ soft-key, 
menu-driven set-up procedure. It 
also has full IEEE-488 bus control. 
The generator produces sine, trian- 





S “UStOMeR pn 


| OEMs. Now you can save space, get high 
performance, and avoid assembly headaches with 
MCD’‘s NEW Modular Encoders. All components are 
pre-aligned for fast, simple and trouble-free 
direct mounting on your motor shaft. 


M241 


L] 1/4 to 5/8” shafts 
L] Square or sine wave 
L] Up to 1200 PPR 


New Dimensions in Motion Control 


II|}) Motion Control Devices, Inc. 

| 80 Stedman St., Lowell, MA 01851 
ull! (647) 454-3407 
Pasig NO 67 
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CRYSTALS 


The QCX Series crystals are avail- 
able in the frequency range from 1 
to 48 MHz. All of the crystals fea- 
ture a frequency tolerance at 25°C 
of +50 ppm, a frequency stability of 
+50 ppm over a —20 to +70°C 
range, and an aging rate of 5 ppm/ 
year. Maximum shunt capacitance 
equals 7 pF’. Crystals with frequen- 
cies between 1 and 3.5 MHz are 
available in HC-33/U cases, be- 
tween 2 and 48 MHz in HC-49/U 
cases, and between 6 and 24 MHz in 
UM-1 cases. £0.47 to £2.54 (1000). 

STC Components Ltd, Quartz 
Crystal Unit, Edinburgh Way, Har- 
low, Essex CM20 2DE, UK. Phone 
(0279) 26811. TLX 818746. 

Circle No 417 

Stantel Components, 636 Rem- 
ington Rd, Schaumberg, IL 60195. 
Phone (312) 490-7150. 

Circle No 418 





LED DISPLAY 


The PD-3435 and -3487 are orange 
and green versions, respectively, of 
a 4-digit, dot-matrix LED display. 
The 5x7-dot matrix has a character 
height of 7 mm. Integral character 
memory, character generator, dis- 
play multiplexing, and driver cir- 
cuitry allow you to display 96 char- 
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acters from the ASCII character 
set. Additional features include 
blinking, display testing, and pro- 
grammable brightness control. 
PD3435, DM 107; PD3437, DM 117 
(99). 

Siemens AG, Zentralstelle fiir In- 
formation, Postfach 103, 8000 Mu- 
nich 1, West Germany. Phone (089) 
2340. TLX 5210025. 

Circle No 419 

Siemens Components Inc, 186 
Wood Ave S, Iselin, NJ 08830. 
Phone (201) 321-3400. 

Circle No 420 
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SUPPLY TESTER 


The Model 3600 includes the hard- 
ware and software necessary to test 
power supplies with ratings to 
300W. Running on an IBM PC, the 
Powerstar software provides you 
with 38 standard power supply tests 
that you can set up by entering the 
required test limits. The system’s 
hardware components include a 
1-kVA motorized variac; four 30A/ 
150W loads; a 5-digit DVM with rms 
ac current- and voltage-measure- 
ment capability; a counter/timer; a 
14-channel DVM-input scanner and 
a 2-channel counter/timer-input 
scanner; and six free and configur- 
able power relays. The unit’s front 
panel includes test-fixture connec- 
tors and test-probe inputs. Optional 








YOUR SINGLE 


SOURCE 


HIGH FIN DENSITY 

> @arieh)(e] tg eds 
NATURAL AND 
FORCED CONVECTION 


* 


These unique extrusions provide 
Wit Paiileluimerele) tare M-liiced(-lalea'ae ol-16 
unit volume 


The High Fin Density family of 
heat sinks gives the same cool- 
ing performance as other heat 
Ta Curd iare| nearly twice as much 
space 


High Fin Density heat sinks pro- 


vide maximum su 





For All Your Cooling Needs Call 
EG&G Wakefield Engineering Today 
617 245-5900 


n 


ey EGG 


WAKEFIELD ENGINEERING 


Components Division 
60 AUDUBON ROAD, WAKEFIELD, MA 01880 
(617) 245-5900 TWX 710-348-6713 
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gle, and square waveforms in the 
0.01-Hz to 20-MHz frequency 
range. It also produces trapezoidal 
and pulse signals. Its sine-wave 
harmonic ratio is >50 dB from 20 Hz 
to 100 kHz, and its triangular-wave 
linearity is <0.2% at frequencies to 
1 kHz. You can set the 50) output 
level between 0 and 10V p-p and 
offset the output by as much as +5V 
de. In the 1 to 10V range, the out- 
put-amplitude accuracy at 10 kHz is 
2%. Voltage control of the frequency 
is possible from an external source. 
In addition, you can amplitude-mod- 
ulate, frequency-modulate, or 
pulse-modulate the output and gen- 
erate an FSK output signal. You can 
control pulse modulation and FSK 
from either an internal or external 
source. DM 13,440. 

Rohde & Schwarz GmbH, Miihl- 
dorfstr 15, 8000 Munich 80, West 
Germany. Phone (089) 41290. TLX 
523708. 

Circle No 423 

Rohde & Schwarz Inc, 138 Ne- 
vada Dr, Lake Success, NY 11042. 
Phone (516) 488-7300. 

Circle No 424 





FAN TRAY 
This 1U-high fan or component tray 


for 19-in. rack-mounted systems 
comes in 208- and 460-mm-deep ver- 
sions. The trays are prepunched 
with air vents that double as fan- 
mounting holes and finger guards. 
The 208-mm-deep version accommo- 
dates as many as three standard 
120-mm* fans, and the 460-mm deep 
version holds as many as nine of 
those fans. Alternatively, you can 
use the trays for other assemblies, 
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such as pc boards or power sources. 
The trays are manufactured from 
zine-plated steel with an anodized 
front panel and are supplied with a 
CEE22 power socket at the rear. 
Accessories include a filter unit and 
narrow slides that allow you to slide 
each tray in and out of the rack for 
maintenance. The 208-mm fan tray, 
including three ac fans, sells for 


“LOAD REGULATION | 


| he 550300 @\/O Isolation: 2 


15 


RELIABILITY 
INCORPORATED 
Power Sources Division 
P.O. Box 218370 
Houston, Texas 77218 
{713} 492-0550 
TWX: 910-881-1739 


RELIABILITY EUROPE LTD. 
22A Horseshoe Park 
Pangbourne, Berkshire 
England RG8 7JW 

0735 4947 / TLX: 846271 


Republic of Ireland 


um Guaranteed 


SURRENT (ma) 






_iity ‘ edt oF . . 


under £100. 

Bicc-Vero Electronics Ltd, Flan- 
ders Rd, Hedge End, Southampton 
S08 3LG, UK. Phone (04892) 81424. 
TLX 477984. 

Circle No 425 

Bicc-Vero Electronics Inc, 40 
Lindeman Dr, Trumbull, CT 06611. 
Phone (2038) 372-0038. 

Circle No 426 









, 2 : 

|| Reliability incorporated s Ne 
-Pac™ series 0! -L 

aie sources |S designed t 

rovide linear performance 


| With switch-mode efficiencies. 


@ Guaranteed High Efficiency: 


90% Minimum” 
@ Low Noise: ‘(mV RMS 
@7-9 Watts, Single and 
touts 
Dual Outp 90 VOC 
‘ erature: 
Operating No Derating 


_40 to 8 J : 
| @iow Profile: 2” x2°x 97° 
@High Reliability 


d-in 
its are 400% burne 
cegoane before cena 
assuring extended reliability. 
Call or write for more 


information. 


*5y single output at 85% Minimum 





RELIABILITY NEDERLAND B.V. 
Gortlandroe Industrial Estate 
Nenagh, County Tipperary 


067-31897/TLX: 852-26833 


“Quality is Reliability”’ 
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. For further information 
_and address of your local sales 
representative please contact: 


Standard Telephone and Radio AG 
Components Division 
8027 Zurich/Switzerland 

Tel. 01 20142 55, Telex 815 385 
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DIE CAST ZINC NAMEPLATES 


When “Typical” Product Identification 
Just Isn’t Good Enough! 


No other nameplate process offers a greater 
opportunity for imaginative product 
identification. Rich electroplated raised 
surfaces. Contrasting baked enamels in 
recessed areas. Get striking variations tailored 
for your products alone. There’s no better way 
to effectively prove your pride in the products 
you sell. 

Samples and Literature on Request. 


= DOUGLAS corporation 


620 12TH AVE. SO., MINNEAPOLIS, MN 55415 (612) 333-8911 
WE HELP YOUR PRODUCTS STAND OUT FROM THE CROWD! 
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SCSI BUS CARD 


The Syn-SCSI single Eurocard 
board furnishes an interface for G64 
Bus computer systems to SCSI bus 
peripherals such as hard-disk, flop- 
py-disk, or tape drives. The board 
automatically acknowledges SCSI 
bus transfers, speeding data 
throughput. You can also accelerate 
the board’s throughput by using it 
with a separate DMA controller. 
The SCSI bus interface provides 
only local access to one or more 
peripherals; it’s configured as a sin- 
gle-ended communications option 
without parity or arbitration logic. 
£169. 

Syntel Microsystems, Queens 
Mill Road, Huddersfield HD1 3PG, 
UK. Phone (0484) 535101. TLX 
51194. 

Circle No 427 


SEMICUSTOM SUPPLY 


This semicustom supply comes on 
two universal pe boards and pro- 
vides a range of voltage and power 
outputs. The primary side of the 
supply, an auxiliary regulation coil, 
and the first output winding are 
standard on one pc board; the other 
board accommodates the output op- 
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Avocet puts you in the chips! 


posirteisico tt aseslenir armas otpintainisiinnadedeeratsteaedeciesaaiicassisitieai> ts Saerestetnernesanneerenrseneneesitpananie see “igshir cata coe i apecioin tats a ARE acacia 
Sapper aN i 0 ot m3 ssa wasitiens seis aries m4 ay is sts Sees nec aes sa a eae Tenet nt y as desis 
sea iy Aamo manaoonenene POSE ab gst gat ARICA lh aK id opp HATOLG I RSH 3 Be oer ar aaa he 





Now you can use your PC to 

develop software for virtually 
any microprocessor. Quickly. 

Easily. Inexpensively. 


THE AVOCET 
CROSS-ASSEMBLER FAMILY. 


AVMAC™ Macro Cross-Assembler 
MSDOS™, PCDOS™ 
VAX™/UNIX™ 


XASM Cross-Assembler 
CP/M™-80, CP/M-86 


Target Microprocessors Supported: 
6804 6502/65C02 Z8 

6805 6800/01,6301 Z80 

6809 NEC 7500 68HC11 
1802/1805 8085 HD64180 
8048/8041 COP400 68020 

8051 F8/3870 68000/68010 


New AVMAC Macro Cross-assemblers 
offer these important features: Powerful 
macro facility, relocatable code, linker 
and librarian, cross-reference by line and 
procedure, plain English error messages 
and much more. 


™ Signifies manufacturer's trademark. 


Avocet cross-assemblers, simu- 
lators, emulators and EPROM 
programmers will help put your 
design ideas into more chips than 
any other software development 
system on the market. You don't 
need a mainframe, or even a dedi- 
cated system. All you need is a 
PC, a good idea...and Avocet. It’s 
as simple as that. 

Avocet has been creating tools 
for software development since 
1979 to help design engineers find 
easier and more productive ways 
to develop software for virtually 
any microprocessor—without 
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switching development systems. 
Our customers turn ideas into 
real products. From data entry 
through assembly, debugging and 
final EPROMs, Avocet has every- 
thing you need to transform your 
personal computer into a fully 
integrated development system. 


Cross-assembler capabilities. 
No matter what the application, our 
family of cross-assemblers runs 
on any computer with CP/M* or 
DOS and processes assembly lan- 
guage for most microprocessors. 


Taking the bugs out. 

=< Avocet's new debug- 
Mee ging tools will eliminate 
\\ “crash and burn” 
&) from your vocabu- 
== _lary intwoways. 

‘First AVSIM software 
simulator/debuggers allow you to 
test program modules on your 
PC. No special hardware is 
required for executing your target 
code interpretively in a crash-proof, 
interactive environment. AVSIM’s 
full screen display lets you see at a 
glance what your program is doing. 

When you're ready to test your 
program in a working model, 
Avocet’s TRICE in-circuit emulators 
allow you to examine target 
memory and register, set break- 
points, single-step, trace and 
more. A standard serial interface 
lets you control emulation and 
download code from your PC. 
CIRCLE NO 229 









And best of all, TRICE costs 
less than $500. 


Progressive EPROM 
programming. 

Avocet AVPROM programmers 
work with over 37 different 
devices including EPROMs 
through 27512, CMOS and E2 
PROMs, and MPU/EPROM 
combos using fast “adaptive” 
algorithms. These intelligent, 
self-contained units work with 
any personal computer using 
Avocet’s GDX driver software. 


Made to order. 

You don't have to come to Maine 
to get Avocet products (unless, of 
course, you want a really great 
lobster dinner). 

Just call, toll-free, 


I- 800- 448-8500 


(in the U.S. except Alaska 
and Hawaii) 

and we'll rush out your order, 
send out more information, or, if 
you want, talk about some of your 
great ideas. Avocet Systems Inc., 
PO. Box 490-N8, Rockport, Maine 
04856. (207) 236-9055. Telex: 
467210 AVOCET Cl 





AVOCET 
SYSTEMS INC; 
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Full line of electrical connectors and switch components 


You'll never be in a pinch 
for a PGA LSI socket with JAE. 


In Japan the name JAE is 
synonymous with connectors 
and quality. The industry’s 
leader. We produce nearly 
every type of electrical 


connector. The PCPS Series of 
ZIF sockets for 100 mil Pin 
Grid Array (PGA) LSIs have 
pin counts ranging from 68 to 
208 pins. And gold plating 
guarantees reliable signals. But 
don’t overlook JAE’s other 
IC/LSI sockets. JAE has 

a socket for each and every 
application. More state-of-the- 
art products from JAE. 
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Japan Aviation Electronics 
Industry, Limited’s manufac- 
turing activities span the full 
breadth of the electronics 
industry. Aerospace, Connector, 
Electro-optics, and Commercial/ 
Industrial Components 
divisions bring you the most 
reliable electronic products. 
JAE is first an aviation 
electronics company. Much 
more than just a supplier. 

JAE’s R & D expertise produces 
sophisticated aviation products 
including inertial navigation 
and automatic ¢ flight control 
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tions. The supply comes in seven 
basic designs, including 100 to 
150W, 100 to 300W, and >300W 
multiple-output units; 60W multi- 
ple- or single-output units; and 100 
to 3800W single-output units. The 
vendor also offers backup and 
standby supplies and 100 to 200W 
multiple-output dce/de converters. 
Nonrecurring engineering costs for 
a typical design are around gld 
15,000. 

Philips, Electro-Acoustic Sys- 
tems Div, Box 528, 5600 AM Eind- 
hoven, The Netherlands. Phone 
(040) 757005. TLX 51573. 

Circle No 428 


BENCHTOP ATE 


The Checkmate ATE system can 
perform digital tests, functional an- 
alog tests, and in-circuit tests. The 
modular tester, which includes a 
high-resolution color monitor and 
two 3'%-in. floppy-disk drives, ac- 





Snap-Action 


Moisture and dust are sealed 
out with OTTO’s new internal 
silicon rubber rolling sleeve 
at button; epoxy at case and 
terminals. Positive tactile 
feed-back actuation. High 


CONTROLS 


Pushbuttons 


contact resistance for dry cir- 
cuits while offering a big 10 am- 
pere rating. Available in a va- 
riety of bezels and contact ar- 
rangements, 
and commercial construc- 


contact pressure tion. Write for Cat- 
patented design O ' ‘ oO : 
assures < .0250 Call for samples. 








cepts as many as 21 analog and 
digital measurement or function 
cards. Dry-reed or mercury-wetted 
relay cards are provided for signal 
routing. You can configure the sys- 
tem with two or more independent 
sets of digital function cards to per- 
form asynchronous testing. Six- 
wire guarded measurements allow 
you to diagnose faults at the compo- 
nent level. You program this system 
using the Climate ATE language. 
The unit accepts either vacuum-ac- 
tuated bed-of-nails or platen-type 
test fixtures. £20,000 to £80,000. 
Marconi Instruments Ltd, 


in MIL-S-8805 


alogs P1 and P3 


2 East Main Street, Carpentersville, Illinois 60110 


Phone: 312/428-7171 
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Telex: 72-2426 


VHSIC PROCESS 
TECHNOLOGY IS HERE! 


Honeywell, the VHSIC 
Bipolar Phase 1 and 2 
contractor, now offers 
this flexible, high density 
technology to the commercial 800-328-5111 (ext. 3404) 
market. Contact us today for 
complete information. 


Longacres, St Albans, Herts AL4 
0OJN, UK. Phone (0727) 59292. TLX 
23350. 
Circle No 429 
Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. Phone 
(201) 934-9050. 
Circle No 430 





COLOR MONITOR 


Designed for high-resolution graph- 
ics applications, the CLR20 color 
monitor features a line-scan rate of 
64 kHz and a usable resolution of 


ON BIPOLAR 


Honeywell 

Digital Product Center 

1150 E. Cheyenne Mtn. Blvd. 
Colorado Springs, CO 80906 
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12801024 pixels. You can adjust 
the frame rate within the 50- to 
120-Hz range; the monitor has a 
frame-blanking period of 800 psec 
and a line-blanking period of 3.7 
wsec. You can choose either an in- 
terlaced or a noninterlaced scan 
mode. The monitor’s small-signal 
bandwidth is >100 MHz. You can 
synchronize the scan by using either 


a composite synchronous input or 
separate TTL-compatible line and 
frame synchronous inputs. The 
monitor operates from a 190 to 265V 
ac line input. £1800. 

Ficention Ltd, Manitron Div, 
Bold Street, Sandbach, Cheshire 
CW1l 9AR, UK. Phone (0270) 
764171. TLX 367227. 
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THE NEXT TIME YOU NEED 
ALSORSKWODC | 
REGULATED POWER SUPPLY, 
REMEMBER THIS AD. 


88% efficiency 


2 year warranty 


1.5 and 3.0 kW ratings 
ae 


Compact and lightweight 
— 


Fully protected 
Elelaksiecile) atc 
overloads 

le 
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MEMORY MODULES 


The HM44256P1 and HM44257P1 
are 256k x 4-bit dynamic-RAM mod- 
ules housed in 22-pin SIPs. The 
HM44256P1 has page-mode access, 
and the HM44257P1 has_nibble- 
mode access. Both devices are avail- 
able in 100-, 120-, or 150-nsee ac- 
cess-time versions. They are 
constructed from four dynamic 
RAMs, which are packaged in plas- 
tic leaded chip carriers and mounted 
on a fiber-glass mother board to- 
gether with decoupling capacitors. 
The modules measure 6111.45 
mm and feature common I/O with 
early write, 256-cycle RAS-only re- 
fresh, and hidden refresh. They op- 
erate from one 5V supply. £26 (500). 
Hybrid Memory Products Ltd, 
W Chirton Industrial Estate, North 
Shields, Tyne & Wear NE29 8SE, 
UK. Phone (0632) 580690. TLX 

53206. 
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MODEM 


The Tm512E autodial, autoanswer 
modem operates on CCITT stan- 
dards V21 (300/300 bps full duplex), 
V2 (1200/75 bps, 75/1200 bps, and 
1200/1200 bps half duplex), and Bell 
transmission standards. It includes 
the Epad (Error-Protected Packet 
Assembler/Disassembler) error- 
checking protocol for use on the 
Packet Switch Stream (PSS) net- 
work; the vendor claims this proto- 
col allows for error-free data trans- 
fer to and from a terminal or 
computer and the packet assembler/ 
disassembler. The Epad facility 
uses the Epad notes to enable trans- 
mission over the whole PSS net- 
work. The modem also features au- 
tomatic baud rate, parity detection 
on the local terminal or computer 
link and on the telephone line, and 
automatic selection of pulse or tone 


| dialing. £339. 


Tandata Marketing Ltd, Albert 
Rd N, Malvern, Worcs WR14 2TL, 
UK. Phone (06845) 68421. TLX 
337617. 

Circle No 433 
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x california SUT 
‘ POWER 


The important factors in the selection of an 
AC power supply: space, efficiency, safety, 
power bandwidth, modularity and cost have 
all been thoughtfully incorporated into the XP 
series AC Power Systems. 

The XP Series System is made up of 
three interchangeable components: power 
amplifier, power controller and power mon- 
itor. 


POWER AMPLIFIERS 
Choose from four XP Series Power Ampli- 

fiers. All are compact and can be stacked in 

two-phase, three-phase open delta and 
three-phase WYE configurations. 

e Wide range of VA ratings from 325VA to 
1300 VA and multi-phase capability 
7800VA. 
selectable output voltage ranges 0 to 
135V RMS or 0 to 270V RMS 
Full rated power from 45 Hz to 5,000 Hz 
and optional bandwidth to 10,000 Hz 
Guarded safe operating area 
Input and output isolation transformer 
Reduced panel height 


An affiliate of 


California lnstruments 


Admstar 


POWER CONTROLLERS 
Five versatile power controllers cover the 
needs of every AC power source application. 
From the simplest, the 910XP which provides 
crystal-controlled fixed-frequency to the top 
of the line, the powerful 949XP which pro- 
vides total control and programmability of the 
AC power System. 
e Crystal-controlled, synthesized frequen- 
cy in increments as fine as 0.1 Hz 
Talks measured voltage, current, 
kilowatts, power factor and_ error 
messages over IEEE-488 bus 
Non-volatile RAM stores 
parameters 
External sync capability 
Independent programming of 
angles and amplitudes 
Programmable current limits 
32-character alphanumeric LCD display 
Harmonic distortion of <0.5% (948XP 
and 949XP <1%) 


POWER MONITORS 
e Overload and overtemp indicators 
e Gain pot (internal) 


turn-on 


phase 


A Division of 


Company, Inc. 
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Amstar Technical Products 


VIEWING 
po | ANGLE REMOTE 


e Hi/Lo range switch/indicator 
e 3-digit display of voltage, current and 
kilowatts 


With over 25 years of experience, Califor- 
nia Instruments is unmatched in the preci- 
sion AC power systems to meet stringent re- 
quirements. Get precision testing power into 
your applications by calling today for 
assistance and a complete catalog. 


Programmable Frequency Amplitude Ramp/Step 


Multi-Phase Waveform Programmable Start-Point 


5125 Convoy Street 
San Diego, CA 92111 


(619) 279-8620 

Telex 695047 

Call Toll Free: 800-356-2244 
In California: 800-821-1634 
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7T5W SWITCHERS 


The 7875 family of 75W open-frame 
switching power supplies provides 
regulated outputs of 5, 12, 15, or 
24V dc. The supplies are recognized 
under UL 478, certified to CSA 
22.2, and approved to VDE 0806 
(IEC 380) for SELV applications. 
Conducted noise complies with FCC 
Docket 20780 level B and VDE 0871 
level B. The supplies include protec- 
tion against overload, short circuit, 
reverse polarity, and overvoltage. 
Output voltages are adjustable over 
+5%, and maximum output ripple 
and noise is 1% of the nominal out- 


put. The supplies exhibit load and 
line regulation of 0.2%. The devices 
accept input voltages ranging from 
90 to 182V ac and 180 to 264V ac 
(47 to 63 Hz) and measure 
7.25X4,.25X1.95 in. $66 (1000). De- 
livery, 12 to 16 wks ARO. 
Sierracin/Power Systems, 20500 
Plummer St, Chatsworth, CA 
91311. Phone (818) 998-9873. 
Circle No 434 


STATIC STIMULATOR 
With the CSA SSLA logic stimula- 
tor, you can manually exercise all 
the address, data, and control lines 
of your wP-based project. The CSA 





has adapters for 68000/10/20 and 
8086/186/286 Ps’ sockets as well as 
the VME Bus, Multibus, and 
Versabus. The unit offers remote 
control via an RS-282C interface. 
The remote-control feature allows 
you to perform low-speed emula- 
tion. $3850; additional adapter ca- 
bles, $180. 

Computer System Associates 
Inc, 7564 Trade St, San Diego, CA 
92121. Phone (619) 566-3911. TLX 
333693. 
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COIL CHECKER 


The STT-4 detects shorted turns in 
coils and works with a large range of 
coil and wire sizes. A variety of 
probes are available to accommo- 
date different coils and wire gauges. 
Probes from “%e in. in diameter for 
miniature sizes to %x4 in. long are 
standard. You can control the go/no- 
go limit adjust and the volume of the 


THE SYSTEM SUPPLY 





You say you want a choice of over 
100 different system supplies? You want 
them all from one source, with OEM 
discounts, super-high MTBF’s and 
nationwide service backup? Well... grab 
your shopping carts. Welcome to the Kik 
System Supply Supermarket. 

A choice for every application. 

Whether you need low noise, high 
current units for microprocessor sys- 
tems, bipolar amps for servo control, 


programmable loads for power output 
testing, or units for any one of hundreds 
of other applications, the Kik super- 
market is the only source you need. And 
Kik backs every unit with a 30-day money 
back guarantee, so you can test your new 
Kik’s at your leisure and in your own 
application—without risk or obligation. 
One stop for all your 
system supply needs. 
Down Aisle One you'l find Kik’s low 





noise, low ripple PAD series with .005% 
regulation. That’s not 10 models or 20 
models, but forty five—ranging in out- 
put from 8-1000 volts and 0.2 up to 500 
amps, and a demonstrated 131,000 
hours MTBF! (Incidentally, Kik is the 
only system supply maker to publish 
its MTBF'’s.) 

If over-70% efficiency is what you 
need, the next Aisle has our PAL series 
(up to 60 amps @ 16V or 35V with .003% 
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5-kHz alarm from the back panel. 
The device draws 30W from a 
115V+10%, 50/60-Hz supply. $850. 

International Electro-Magnet- 
ics Inc, 350 N Eric Dr, Palatine, IL 
60067. Phone (312) 358-4622. TLX 
726329. 
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LOGIC ANALYZER 


The Primeline PLA-3300 logic ana- 
lyzer performs state, timing, and 
signature analysis. It has an LCD 
readout and operates from line 
power without an ac adapter or 
from a built-in NiCd battery. The 


line and load regulation). Yet another 
aisle for our new 0-10V, 0-150 amp 
high-efficiency PAK series designed for 
power burn-in and semiconductor 
aging—with 34 digit resolution. Or keep 
going for our super flexible, compact 
PAR series with autoranging from 0-80 
volts and 0-10 amps in three or four 
combinations, with remote or local 
programming, at a low, low price. 


One-stop for over a hundred different system supplies. 


device features a 10-MHz clock rate, 
16 channels for data input with 256 
bits/channel of acquisition memory, 
a reference memory of 256 bits/ 
channel, 15-nsec glitch detection, 
and 100-nsec resolution. $1995. 
Soltec Distribution, Box 818, 
Sun Valley, CA 913858. Phone (818) 
764-5400. TLX 4943094. 
Circle No 437 


SIGNAL GENERATOR 


The VM-4B signal generator/cali- 
brator features a 0.01- to 18.0-GHz 
frequency range (expandable to 40 
GHz) and a dynamic range greater 
than 100 dB. The instrument pro- 
vides dual- or single-channel opera- 
tion; dual-channel measurement ac- 
curacy is +0.02 dB (per 10 GB, 
exclusive of mismatch uncertainty). 
You can select 0.1-, 0.01-, or 0.001- 
dB measurement resolution. For 
dual-channel phase measurements, 
the specs are: +180° range; 1.0, 0.1, 


And we've got aisles and aisles of 
more supplies. 

Next door and worldwide. 

Kik is *2 worldwide in lab and system 
supplies sales, and “1 for breadth of line. 
Our supermarket-sized line lets you pick 
from 80 GPIB programmable system 
models and over fifty lab models— 
most of which are voltage- and current- 
programmable. With Kik you never 
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and 0.01° resolution; and +2.5° accu- 
racy (exclusive of mismatch uncer- 
tainty). Typical measurement time 
for a —130-dBm signal is 18 msec. 
System repeatability for magnitude 


is +0.015 dB max, +0.008 dB typ; 
for phase, it’s +0.5° max, +0.25° 
typ. Load VSWR is 1.27 at 18.0 
GHz with a masking attenuator 
(1.15 typ); source VSWR is 1.15 at 
18 GHz (less than 1.10 typ). $74,700. 
Delivery, four months ARO. 
Weinschel Engineering, 1 
Weinschel Lane, Gaithersburg, MD 
20877. Phone (801) 940-3434. TLX 
440702. 
Circle No 438 





settle for a lesser unit than you require, 
and you never overbuy just to get the 
reliability and performance you need. 
Give your local Kik rep a call, or send 
for our complete shopping list. Chances 
are we've got the supply you need—on 
the shelf and at a price that'll make you 
one happy shopper. 17819 S. Figueroa 
© Gardena, CA 90248 
(213) 515-6432 
+300) 421-5334 
© Kikusui International Corp. 1985 
Subsidiary of Kikusui Electronics Corp., Japan 















the name no one 


.. Adding Boschert makes us the 
Biggest Name in power supplies! 
Boschert, the leading name in open- 
frame switchers, will produce more than a half million units in 
1986. Boschert is the newest member of the Power 
Conversion Group of Computer Products Inc. — the name no 
one knows. 

Now, as the world’s fastest-growing supplier of power 
conversion products, we have more ways than ever to meet 
all of your critical power supply requirements. 


PACKAGED 






There’s No Power Supply Problem We Can’t Solve. 

We now combine the resources of six separate business 

units — Boschert (now including Compower], Power Products, 
Stevens-Arnold, Tecnetics, Power Products Ltd. [Ireland], and 
Computer Products Asia-Pacific Ltd. [Hong Kong]. 


One half million more 
power supplies... 








Together, we can design and produce virtually any pis and 
size power supply you will ever need, from % watt to 2000 
watts: 


e AC/DC Linears and Switchers 

e DC/DC Converters 

e AC/DC Uninterruptible Power Systems 

e Standard, Special and Custom 

¢ Commercial, Industrial and Mil-Spec 

All have guaranteed reliability, and most are backed by our 
no-hassle two-year warranty. And we offer high-quality design 
and application assistance, plus prototype services and a host 
of other supports we call PACKAGED POWER. 

Contact us for our free informative booklet, “How 
to Get the Best Value for Your Power Supply Dollar,’ 
and literature covering our entire line of quality-built 
power conversion products. 


COMPUTER 
PRODUCTS |. 
POWER CONVERSION GROUP 
World leader in power supply technology. 


2900 Gateway Dr. e Pompano Beach, FL, 33069 e Phone (305) 974-5500 « TWX 510-956-3098 
Boschert Incorporated ¢ Power Products Division ¢ Stevens-Arnold Incorporated ¢ Tecnetics Incorporated 
Power Products Limited (Ireland) ¢ Computer Products Asia-Pacific Limited [Hong Kong} 
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SCOPE MAINFRAME 


The DS-8122 accepts as many as 
three plug-in units. A 1-gun, 
2-beam CRT makes it possible to 
observe two high-speed, single-shot 
events simultaneously or to observe 
four traces at the same time when 
two vertical dual-input units are 
plugged in. The mainframe incorpo- 
rates a character generator to dis- 
play the data from the plug-in units 
on a 6-in. CRT. Plug-ins include a 
dual-trace amplifier (100 MHz), dif- 
ferential-input amplifier (10-wV/div 
sensitivity), dual timebase with de- 
layed sweep, and a 1-GHz sampling 
front end. The device measures 
8% X 12% x 20% in. $6920. Delivery, 
10 to 12 weeks ARO. 

Iwatsu Instruments, 430 Com- 
merce Rd, Carlstadt, NJ 07072. 
Phone (201) 985-5220. 
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29PL141 EMULATOR 


The MM141 works with an IBM PC 
to support development of AMD’s 
29PL141 microcontroller. The emu- 
lator connects to the IBM PC via a 
flat cable. The package includes an 
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CUSTOM POWER 


0) TAN NB Cola ery (o)is Mole] (-) 10] 0) o) am ice laamaareliplitclaaissom(eN an)(0 (0st 

peripherals to systems, ONAN offers the exact switching power 

supply to fit your application. 

ONAN for quick, reliable prototypes...Engineers using com- 

puterized workstations, modify proven circuits to meet your 
requirements. Zero Defect 
Programs and Statistical 
Process Control ensure 
(ore) atsiisi(clal a els)a(e)gaarelaece 
ONAN for manufacturing 
strength...fifty years of power 
supply design and manufactur- 
ing experience—a worldwide, 
laarelalelrelei(blaiaremercler-le)iiiavmiarcy 
keeps our products cost com- 
petitive and delivered on time. 


At ONAN, 
it’s the 
“Power of Partnership:’ 





Anan nnnnnnnnenaaa 





id by a Single MREQ Pulse 
tising-edge Triggered 

® TTL interfaced 

@ 14PinsDIP 

@ Generates All Timing Pulses for 
DRAM Memory Board 

@ Precise and Stable Timing 








elay =, 385 Lakeview Avenue, Clifton, New Jersey 07011 
% (201) 772-1106 
devices: inc. 
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AVAILABLE NOW AT VERSION 3.0 
MC 68000 — INTEL 80 x 86" | DEC VAX+ : 








Maratea : 

SYSTEM X x x 
TARGET 

SYSTEM X X X 
DISK-BASED 

SYSTEM X X x 
EMBEDDED 

EXECUTIVE ‘ 





* Cohabitates with DOS 
+ Cohabitates with VMS . : 


ener eee 
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‘& POWER SOURCES RELIABLE POWER 
ONAN POWER SUPPLIES...designed for your application. Our 


Engineers use computerized workstations to quickly turn proven 
(oF or0T] a) (on 0)ce) (0) 4 oL=s-m(e)maloiwar-|e)e)|(er- 100) alse 





editor and assembler, a writable 


control store, a real-time emulator, ONAN RELIABILITY...from Zero Defects Programs and Statistical 
and real-time trace. Given the Process Gontrol to conservative designs and a QA System based 
29PL141’s fixed-instruction format, at On MC aoe. 

you need only fill in highlighted | ONAN TECHNOLOGY... 
fields in edit mode to write pro- oe : | cere oh Ayes pb dcpsang 
grams. You enter emulator com- : petitive, from MOSFETs 
mands as single keystrokes. The oo 28 and 100 KHz switchers, to 
error messages contain specific in- _f tJ i. 1. -_ “current-mode control’ 
formation about invalid entries, a Compact, yet reliable power 


10] 0) e) (=tom larel mere) al(o)eaam(onyce)0]¢ 
requirements. 


thus serving as an on-line help facili- 
ty. Two maskable trace-point regis- 


ters and a delay counter control poy 
operation of the 2k-word <32-bit oe “Power of Partnership” 
trace memory. $4995. Delivery, 60 

days ARO. 


HLA Instruments, 5667 Snell 
Avenue, Suite 218, San Jose, CA 
95123. Phone (408) 726-2050. 
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A power supply package 
designed for CRT production testing 
and research 


Stra ornate 








COMPONENT COOLER 


The Cold Gun component cooler , 
produces a stream of clean, cold air “Aen omar coM 

at —40°C by passing compressed air 08) p resH.ED CFOS, 
through a vortex tube. The tube 
divides the compressed air into a 
hot and a cold stream, and an articu- 
lated nozzle directs the cold stream 


LG or HG Series 
for anode supply 


in a narrow pattern at the compo- The Glassman CRT-HVPS system plus anode supply 
nent under test. The cooler has no @ HVPS provides G1, G2, Focus,and —@ Saves time—no need to interface 
moving parts and requires no elec- yal ae in = Se and debug separate units 

a : @ Choose from 19 different Glassman @ LED digital meters for accurate 
tricity or chemicals. An ordinary anode voltage options, up to 100KV readings even in microampere range 
supply of compressed air is the only @ Economical—costs less than @ Other advanced design features 
power source, and a thumb-actuated purchasing five separate power include high efficiency, low stored 

; | a dnt erat Supplies energy, low ripple, excellent transient 
alr vaive permits intermittent use. @ Saves bench/rack space response and tight static regulation 


oe ae Innovations in high voltage power supply technolo 
Freon and the associated thermal- y gy. 


shock damage caused by cryogenic GLASSMAN HIGH VOLTAGE INC. $4 


Freon temperatures when thermal Route #22 (East), Salem Industrial Park, P.O. Box 551,Whitehouse Station, N.J. 08889 
(201) 534-9007 * TWX 710-480-2839 
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WHAT IS AN INTERNATIONAL 
POWER SUPPLY WITHOUT AUTOMATIC 





International safety and EMI standards 
are design benchmarks for certain 
power supply market segments. Most 
switcher OEM’s that sell in interna- 
tional markets conform to VDE and IEC 
specs, thereby meeting less stringent 
standards. 

So far so good.. .lot’s of play- 
ers. . .lots of selection. But isn’t some- 
thing missing? How many offer a truly 
international input voltage range? After 
all, you are buying a power supply that 
meets international standards because 
your product will be sold internation- 
ally. Right. Bear in mind that there are 
150 countries worldwide with 30 unique 
operating frequency and voltage combi- 
nations. 


AL Alabama (205) 895-9160, AR Ar- NG | 
California (714) 859-3105, Northern i 
Eastern Canada (416) 675-4490, West- j 


do (303) 773-2830, CT C ticut 
887-2310, FL Central Florida (306) THE LEADER RIN WIDE INPUT S 








@ Input: 90-132 VAC or 180-264 VAC, requires 


Straps, taps or jumpers. User selectable. 


@ Designed to meet VDE 0804, 0806; IEC 380; 
UL 1012 


@ Input: 90-265 VAC or 100-380 VDC. Auto- 
matic input voltage compensation. No straps, 
taps or jumpers required. 

@ Meets VDE 0804, 0806, Class | SELV; IEC 
380; UL 478, 1012 

e 16 standard output configurations. 

@ 1 to 4 outputs. 

@ Overvoltage limit protection. 

@ Open or closed frame. 

@ Options available: Adjustable outputs, logic 
shutdown, overvoltage shutdown protection, 
power fail detect, remote sense, reverse polar- 
ity protection, ruggedized, thermal shutdown. 











VOLTAGE COMPENSATION? 
NOT QUITE WHAT IT SHOULD BE 
Jam 


So why not select a power supply 
that can handle all those combinations 
automatically. . . without straps, taps or 
jumpers? 

Now you can. Converter Concepts 
has designed its Versatron Interna- 
tional (VI) Series to be truly imterna- 
tional. Our ultra-wide input range will 
handle any AC input frequency and volt- 
age combination worldwide. 

Call Converter Concepts or our near- 
est representative for our 1986 catalog 
and a 30-day evaluation unit. If you 
value performance, you'll be glad you 
made the call. 


Phone: (800) 253-5227 


kansas (214) 681-1376, CA Southern 
California (415) 887-1620, CANADA 
ern Canada (604) 430-3680, CO Col- 


Ss f ) m TECHNOLOGY (617) 655-6080, DE Delaware (215) 


298-7748, Southern Florida (305) 792- 


2211, Western Florida (813) 443-5214, GA Georgia (404) 263-9688, ID Idaho (801) 546-4837, IL Illinois (312) 398-5300, IN Eastern Indiana (616) 846-4980, Southcentral Indiana (513) 
890-8322, KY Kentucky (513) 890-8322, LA Louisiana (214) 681-1376, MA Massachusetts (617) 655-6080, MD Maryland (215) 887-2310, ME Maine (617) 655-6080, MI Michigan (616) 
846-4980, MS Mississippi (205) 895-9160, NC North Carolina (919) 833-8755, NH New Hampshire (617) 655-6080, NJ New Jersey (215) 887-2310, NY Upstate New York (315) 455-7346, 
New York City (215) 887-2310, NV Northern Nevada (415) 887-1620, OH Ohio (216) 238-5905, OK Oklahoma (214) 681-1376, OR Oregon (503) 292-0820, PA Western Pennsylvania 
(412) 823-5400, Eastern Pennsylvania (215) 887-2310, RI Rhode Island (617) 655-6080, SC South Carolina (919) 833-8755, TN Tennessee (404) 263-9688, TX Texas (214) 681-1376, 
UT Utah (801) 546-4837, VA Virginia (215) 887-2310, VT Vermont (617) 655-6080, WA Washington (206) 743-6641, WI Wisconsin (414) 259-1771, WV West Virginia (412) 823-5400, 
CONVERTER CONCEPTS, INC, INDUSTRIAL PKWY, PARDEEVILLE, WI (800) 253-5227 


WY Wyoming (303) 773-2830 
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testing ICs, resistors, and other 
electronic components. $119. 
Exxair Corp, 419 Findlay St, 
Cincinnati, OH 45214. Phone (513) 
381-4888. 
Circle No 441 





FREQUENCY COUNTER 


Model 1998 features a l-sec re- 
sponse for 9-digit resolution over its 
10-Hz to 1.8-GHz frequency range. 
Depending on the degree of resolu- 
tion and speed of measurement re- 
quired, you can vary displayed reso- 
lution from three to 10 digits. The 
counter features a burst-frequency 
capability that allows 6-digit resolu- 
tion for signais as short as 2 msec. 
In addition, it offers period, ratio, 
and nulling capabilities. The nulling 
capability enables you to make 
measurements relative to any previ- 
ously measured value. Other fea- 
tures include fixed-attenuator and 
variable-sensitivity controls. A re- 
chargeable battery option for field 
operations includes an external 11 
to 16V de input for connection to a 
de supply such as a vehicle battery. 
An IEEE-488 capability is also op- 
tional. $1325. 

Racal-Dana_ Instruments Inc, 
Box C-19541, Irvine, CA 92713. 
Phone (714) 859-8999. TWX 910- 
595-1136. 

Circle No 442 


68020 SOFTWARE 


The Oasys 68020 cross-development 
Toolkit features a set of compilers, 
assemblers, debuggers, simulators, 
profilers, a real-time operating sys- 
tem, and utilities for downloading 
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| nautoutpate connector along with spe- 
_ Cially developed EMI/RFI filter circuitry. 





POWER PARTNERSHIP 


At ONAN, every power supply we make comes with a partnership. 
AWere)anlaaliiaarciale 


In partnership, your deadlines become our deadlines. Your require- 

ments become our requirements. Its what we call ‘Power Partner- 
ship.’ Its what cuts your own 
design and manufacturing costs, 
and frees you to focus on base 
i(=Toi al ale) (ole \Var= lao me)ce)(>1e1manr-lar-le(ome 
ment. Its a partnership that 
keeps you responsive to the 
(o[<Taatelalelome)my(el0] mi aaroli.cclie)t- (ec) 


Put the Power of Partnership 
behind your power supplies. 
Contact your ONAN Account 
Manager at 612/921-5600. 
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Technipower 
‘“Mil-Qual” Triple Output 
Switching Power Supplies 


a sare §=—s_s range a to 300W. 5 year warranty. : 
es arsh — “Send for details. _ 2 
ature a Mil-type- _ We Do The Job Right! 


| TECHNIPOWER 


COMPANY 


MTBF is 100,000 plus hours. Efficiency 
is 80%. Full power is provided at max P.O. Box 222, Commerce Park, Danbury, Conn. 06810 
operating temp., to 95°C, no derating. — Phones: (203) 748-7001: in Calif. (805) 493-2244 
See us at booth #118 Electro 86 Bayside Ctr., Boston 
CIRCLE NO 79 
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I VIEEE 802. 3 LANS 


The NT100 offers all of the e Choice of three taps 
physical layer capabilities of 


an 802.3 transceiver: e Installs in less than 5 minutes 


¢ Calculated MTBF of more 


¢ Sends and receives 10 Mbps 
than 9 years 


¢ Heartbeat test and collision . . 
detection All of this at a price you'll find 


very satisfying. For details 
¢ Jabber control protects the = 6.44) g09-LAN TALK orn 


network Massachusetts call 800-TELL 
e Electrical isolation to 500 LAN) and ask for the Trans- 
volts. ceiver Manager. 


MUL LIT 


MICOM-Interlan, 155 Swanson Road, Boxborough, MA 01719 
CIRCLE NO 94 
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programs. The compilers included 
are C, Pascal, and Fortran 77. The 
assemblers include linker, loaders, 
and librarian. In addition, the pack- 
age supports the 68881 floating- 
point processor. The software runs 
on DEC VAX and MicroVAX (VMS, 
Ultrix, Unix), Sun, Apollo, Pyramid 
and other 68000- and 82000-based 
systems running Unix. $3200. 
Oasys, 60 Aberdeen Ave, Cam- 
bridge, MA 02188. Phone (617) 491- 
4180. 
Circle No 443 





THERMOMETER 


The Model 740 programmable scan- 
ning thermometer can linearize in- 
puts from the seven thermocouple 
types (J, K, T, E, R, S, and B) and 
includes a separate microvolt range 
for nonstandard thermocouples. It 
supports as many as 81 channels, 
scans at 20 channels/sec, and in- 


cludes a 100-reading, nonvolatile 


data memory. It features a built-in 
cold-junction reference, eight alpha- 
numeric LED displays with °C or °F 
scale selection, a built-in IEKE-488 
interface, digital calibration, a print 
feature, programmable alarm lim- 
its, and a real-time 24-hour clock. 
The device’s accuracy is better than 
0.5°C, and its resolution is 0.1°C or 
0.1°F’. You can use a selectable ana- 
log filter to provide an additional 20 
dB of normal- and common-mode 
rejection at power-line frequencies. 
$1350. 

Keithley Instruments, Instru- 
ments Div, 28775 Aurora Rd, 
Cleveland, OH 44139. Phone (216) 
248-0400. 

Circle No 444 
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_ LEMO B Series quality connectors available in multicontact 
_ from 2 to 64 contacts, or unique coaxial-multicontact, 
or high voltage multicontact configurations 


SPEED: Connectors engage and disengage simply __ AESTHETIC-FUNCTIONAL DESIGN: Outer shell and 
and quickly by pushing and pulling axially with fe back nut finished with matte chrome plating. Contacts are 
mated connector. . | | gold plated. LEMO connectors will complement any front 
SPACE SAVINGS: Only finger clearance on two sides ee 

needed to engage and disengage connectors. Noneed © Over $1 million inventory stocked in Santa Rosa, California, 
to twist or turn locking ring. sold by a network of representatives in North America. 
RELIABILITY: Key/Keyway pattern provides mating _ For technical data and catalog, as well as the name of 
exclusivity. Quick-Lok mechanism assures secure _ your local representative, please call or write LEMO 
contact by audible click when lock is engaged. Color =—SOM U.S.A, INC. [707] 578-8811, PO. Box 11006, 

coding is available too. _ _ Santa Rosa, California 95406. 





RUGGEDNESS: Connector components are precision 
machined from brass bar and tubing stock, plated with 
copper and then nickel. Locking mechanism is totally 
protected by outer shell, virtually eliminating accidental — 
disconnections, damage to locking mechanism, cables 
and contacts. 


‘See us at Electro booth #2856, 2858, World Trade Center 
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polyFORTH GETS YOUR PROGRAM 
FROM CONCEPT TO REALITY 


ATO 10 TIMES FASTER 


hols ® iril shit 
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~ 100% resident system. Using polyFORTH, you 


_seconds—and then fest it interactively. 


THE ONLY INTEGRATED SOFTWARE DEVELOPMENT PACKAGE 





DESIGNED FOR REAL-TIME APPLICATIONS 


lf you're a real-time software developer, polyFORTH can be 
your best ally in getting your program up and running on 
time. Infact, onthe average, youwilldevelopa program 4 fo 
10 times faster than with traditional programming languages. 

But you don’t have to take our word for it—just ask 
our customers. We'll tell you who they are. They‘re some of 
the largest and most successful companiesin high technol- 
ogy fields such as aerospace, robotics and machine vision, 


_instrumentation, process control, and more. 


polyFORTH shortens development time by making the 
best use of your time. There are no long waits while you load 


— editors, compilers, assemblers, and other tools, not to 


mention the long waits while they run—because 
everything you need is in a single, easy-to-use, 


take a raw idea to fast, compiled code in 
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FORTH,Inc. 


polyFORTH’s total programming environment has all the tools 
you need to develop real-time applications: fast multi-tasking, 
multi-user OS; FORTH compiler, interpreters, and assemblers; 
editor and utilities; and over 400 primitives and debugging 
gids. And because of its unique modular structure, polyFORTH 
evenhelps youtest and debugcustom hardware interactively. 
polyFORTH is available for most 8, 16, and 32-bit 
computers. FORTH, Inc. stands behind its customers with 
complete professional support services including custom 
application programming, plus polyFORTH programming 
courses and the FORTH, Inc. “Hotline” to help programmers 
learn to use polyFORTH. 
For more information and a free brochure 
on how you can cut development cycles 4 to 10 
times, contact FORTH, Inc. today. FORTH, Inc, 
111 N. Sepulveda Bivd., Manhattan Beach, 
CA 90266. Phone (213) 372-8493. 
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NEW PRODUCTS: SOFTWARE 








IMAGE PACKAGES 


Two additions to the Series 100 
product line are the Itex 100 sub- 
routine library and the Image-Pro 
100 interactive program. Itex 100 
routines are callable from applica- 
tions written in the C programming 
language and provide image-proc- 
essing, graphics, and hardware-con- 
trol functions. The library uses uni- 
form naming and _ ealling 
conventions to minimize the amount 
of information the programmer 
must remember. It includes more 
than 100 different routines that per- 
form, for example, initialization and 
hardware-control functions, pixel 
operations, and image and look-up 
table archiving. The Image-Pro 100 
program uses Series 100 architec- 
ture to perform real-time image 
processing from a menu-driven user 
interface. It supports use of a varie- 
ty of pointing devices. A report gen- 
erator allows frame composition by 


merging image data with graphic 













| =) BEHLMAN 
=~ Engineering 


Electronic Energy Conversion Sources & Systems 
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systems, laboratories, 
test facilities, robotics, quality control, data processing 
and more. It’s all in our new full color catalog that 
features hundreds of AC Power Sources and Uninterrup- 
tible Power Systems. Call or write for your free copy. 


1142 Mark Avenue ~ 
Carpinteria, CA 93013 


data from image-analysis functions. 
In addition, the program interfaces 
to most dot-matrix printers for 
hard-copy output of images cap- 
tured, created, and/or manipulated. 
It includes the Halovision image edi- 
tor for high-level graphics. Itex 100, 
$995; Image-Pro 100, $1495. 
Imaging Technology Inc, 600 W 
Cummings Park, Woburn, MA 
01801. Phone (617) 938-8444. TLX 
948263. 
Circle No 445 


LISP 


Using Lisp version 5.1, users can 
develop programs with as many as 
8000 lines. This software offers 
more than 400 common Lisp func- 
tions, special forms, macros, and 
control variables. For greater 
speed, more than 300 of these func- 
tions are implemented in native ma- 
chine code. The implementation has 
twice as many primitives as the 





previous version, including selec- 
tors, constructors, modifiers, recog- 
nizers, and comparators. It also has 
twice the capacity of the previous 
version, allowing the development 
of programs using as many as 512k 
bytes of memory. A 2-pass garbage 
collector reallocates data-space 
boundaries during program execu- 
tion. This version provides infinite- 
precision arithmetic for all rational 
numbers, including floating-point 
numbers. It comes with a symbolic 
debugger, a multilevel break-and- 
trace facility, and a profiling facility 
that identifies functions critical to 
program efficiency. Demonstration 
programs included on the disk illus- 
trate AI techniques. System re- 
quirements include PC-DOS 2.0 or 
higher, 128k bytes of memory, and 
one disk drive. $250. 

Microsoft Corp, Fox 97200, 
Bellevue, WA 98009. Phone (206) 
828-8080. TLX 328945. 

Circle No 446 


PCB MOUNTABLE 


Mounts in 
any position 
battery always 
held securely 
in place. 


Temp. range 
-40°C to +85°C 


Resistant 
to most a 
solvents 4 


Here's the 





data you 
need on AC Space allows ease 
power for ATE of flux solder wash 









9V BATTERY HOLDER 


BHSV-PC 
























For Memory Back-Up or Power Source 


Use these handy BH9V-PC battery holders in microcomputer 
memory back-up systems, microprocessors, telecommunica- 
tion equipment, etc.; or for power source in computer real time 
clocks, radios, smoke alarms and other appliances. 


Black, high impact ABS plastic ¢ Nickel-plated brass snap 
fastener terminals ¢ Easy insertion and removal of batteries 
e Super efficient and economical ¢ Custom holders available. 


For all the details, call or write today. 


S| Memory Protection Devices Inc. 


320 Broad Hollow Road, Farmingdale, NY 11735 © 516-454-0340 










Male/female snap 
fastener terminals 
assures proper 
polarity. 






Fits all 9V cells 
-alkaline, 
carbon zinc 
and carbon. 







No need 
for snap-fit 
cables 













































Corner 
footpads 








Can be 
soldered 
on PCB 






Nickel-plated spring steel 
PCB mountable contacts 
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CD-ROM LIBRARY 


The Clasix Software Library Data- 
plate, which includes more than 
- 8800 IBM PC programs on one 
CD-ROM disk, is included free with 
the purchase of the Clasix Series 
500 CD-ROM Datadrive. An inter- 
face card and cable for the IBM PC 
and PC-compatible computers are 
also supplied. The library features 
executable programs and documen- 
tation from the PC Sig Library of 
public-domain and user-supplied 
software. An optional audio card 
allows the Datadrive to play com- 
pact audio disks and function alter- 
nately as the PC user’s data-storage 
device or as a high-fidelity audio 
system component. Series 500 
CD-ROM Datadrive plus software 
library, $1595; audio card, $149. 
Reference Technology Inc, 1832 
N 55th St, Boulder, CO 80801. 
Phone (800) 225-2749; in CO, (800) 
826-7873. 
Circle No 447 


TURBO PASCAL TOOLS 


Two packages of scientific program- 
ming tools, the IPC-TP-006 and the 
IPC-TP-007/008, provide the Turbo 
Pascal and Turbo-87 Pascal pro- 
grammer with a variety of routines 
for applications programs. Both 
packages run on IBM PC, PC/XT, 


PC/AT, and compatible computers. 
The general science and engineer- 
ing package, IPC-TP-006, includes 
procedures for general statistics, 
multiple regression, curve fitting, 
integration, FFTs, file transfers to 
and from Lotus 1-2-8, solving simul- 
taneous equations, matrix math, lin- 
ear programming, and graphic 
display. The Turbo Pascal 
data-acquisition package, IPC-TP- 
007, operates with the IBM Data 
Acquisition Adapter and the 
Cyborg Isaac 41I and 911 hardware; 
the -008 version of this package op- 
erates with MetraByte Dash-8 and 
Dash-16 hardware. These data-ac- 
quisition packages include proce- 
dures for analog and digital input 
and output, thermocouple lineariza- 
tion, data logging, process control, 
and real-time graphics. Source code 
is provided for these programs. 
IPC-TP-006, $69.95; IPC-TP-007/8, 
$94.95. 

Quinn-Curtis, Box 10, Newton 
Centre, MA 02159. Phone (617) 969- 
9343. 
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ENHANCED COMPILER 

RM/Fortran V.2 is available for 
IBM PC/ATs and compatibles run- 
ning under Xenix as well as for the 
Altos 2086. According to the manu- 


facturer, it’s the only program for 
personal computers that is a full 
Fortran-77, GSA-certified compiler 
that’s error-free to the highest pos- 
sible level. It also carries VAX, VS, 
and Fortran-66 language extensions 
frequently used in mainframe appli- 
cations. The compiler boasts en- 
hancements in execution speed, lan- 
guage features, ease-of-use 
upgrades, and new utilities. The 
Xenix implementation directly ad- 
dresses more memory than DOS 
versions: Under Xenix, total pro- 
gram size is limited only by the 
computer’s available memory. $750. 
Ryan-McFarland Corp, 609 
Deep Valley Dr, Rolling Hills Ks- 
tates, CA 90274. Phone (213) 541- 

4828. TLX 294258. 
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DATA SIMULATOR 

Picon, an on-line, real-time expert 
system for industrial-automation 
applications, now offers simulation 
capabilities. These capabilities 
enable users to simulate operating 
data to test their system’s response 
to process upsets as well as stand- 
ard operating conditions. In addi- 
tion, these capabilities can help new 
operators learn their jobs prior to 


plant construction. The system’s 


simulator supplies sensor values to 











IDI takes the work and waste out of board assem- 
bly. With packaged LED solutions that save you 
more time and money-.-right off the shelf. Or, we'll 


ly 


Telephone: (201) 224-4700 
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OF LED ASSEMBLY. 


give yOu customizing help. Working with engineers 
is our specialty. Write for our 
data book, or call direct. 





BRIGHT 
IDIZAS 


Industrial Devices, Inc., Edgewater, NJ 07020 





Circuit-Board-Artwork Software: 








: 
TTL 
TT : 
908 : 
alg ' i 


engineer siecle qa 
printed-circuit-board artwork on 
_ the IBM Personal Computer. You 


keep complete control over your - 


it- board artwork — from od 


And SMARTWORK® is jeliabie. 
When we couldn't find a Bock 
_ age that was convenient, fast, 

_ and affordable, we created 


-smARTWORK® to help desi ee _ 
pl oh System Req J ements: 
al Computer, XT, or 
OK RAM, 2 disk drives, _ 


own microcomput 
We’ve used it for over two years, 
so we know it does the job. 

That’s why we offer every design 
engineer a thirty-day money- 
back no-nonsense guarantee. ~ 


SmART WORK’ advantages: 


ever placement and routing — 
2 Quick correction and revision © 


2 (1 Production-quality 2X artwork 
from a pen-and-ink plotter 


_ $895. And | guaranteed. _ 











C] fusy to ‘i : 
capable of sophisticated 
layouts — : 


(1 Single-sided and double-sided 


printed circuit boards up to 
40 x 16 inches 


a Multicolor or black-and-white 


display 


‘and DOS Version 2.0 or later 


0 IBM Color/Graphics Adapter | 


with RGB color or biackeand: | 
_ white monitor : 


inte interactive control gq IBM Graphics Printer or Epson 


FX/MX/RX series dot-matrix 
printer 


C1 Houston Instrument DMP-41. 


pen-and-ink plotter _ 
O Mico Mouse (optional) — 
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ne operate, yet . 


_ _ “SMARTWORK’, 





- 5, smARTWORK® is pr ven, 
convenient, fast — and guaran- | 


teed. Call us today. And put — 


sMARTWORK® to work for yourself _ 
next week. Iry it for 30 days at 
ap ey no oe S$ snc work. 


ieee IN 47904-2993 
"Telephone: (317) 742- 8428 
Telex: 70-9079 WINTEK CORP uD 


wt mm 1 


we wee 1d aa : , 


in Europe eontock RIVA femninai Limited, 
Woking, Surrey GU24 5JY ENGLAND, 
Telephone: 04862-71001, Telex: 859502 © 


“Wintek” and the Wintek logo ore - _ 
gee of Wintek Poe 





THE INLAB 28 
LOGIC/MEMORY 
PROGRAMMER 


t must be magic! How else could 
INLAB load all these features into 


such a small package: 


¢ Capable of programming hundreds 
of logic and memory devices, including 
all of the most frequently used PLDs! 
¢ Small and portable-less than 26 
ounces! 

¢ Completely software driven - ZIF 
Universal socket accepts all devices up 
to 28 pins! 

e Available with CUPL™, the design 
software from Assisted Technology! 

¢ Compatible with both JEDEC and 
Intel HEX download file formats! 

e Standard RS232 interface links the 
Model 28 with most host systems! 

¢ Inexpensive firmware updates ensure 
long instrument life! 


What more could there be? How about 
EPROM programming and emula- 
tion, from 2716 up to 27256 (including 
CMOS)? Its like getting an EPROM 


programmer/emulator-for free! 


It’s no illusion! For only $1995. we can 
make a Model 28 appear before your 
very eyes! Just give us a call at: 


303/460-0103 


We'd like to do some magic for you! 


INS 


A Hathaway Company 


2150-I West 6th Avenue 
Broomfield, CO 80020 


CUPL is a trademark of Assisted Technology; some elements 
of the Model 28 are manufactured and marketed under 
license from Digital Media, Inc. 
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the inference engine in lieu of data 
from the real process or factory. It 
can solve sets of difference equa- 
tions, which allows it to realistically 
portray the changing conditions of a 
process over time. The user can 
switch the input to the inference 
engine from actual plant data to 
simulation and back again to allow 
incremental testing of the system’s 
response to various scenarios. After 
the process is completed, the sys- 
tem responds with appropriate di- 
agnoses or operator messages. The 
system runs on the manufacturer’s 
Lambda Plus multiprocessor and 
costs $60,000. 

Lisp Machine Inc, 6 Tech Dr, 
Andover, MA 01810. Phone (617) 
689-3554. 
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VRTX FOR VME 


This company has ported its VRTX 
real-time operating system to Moto- 
rola’s VMEmodule board family. 
The MVME device support pack- 
ages allow users of three VMEmo- 
dule units—the MC68010-based 
MVME117 and MC68020-based 
MVME130 single-board microcom- 
puters and the MVM820 Winches- 
ter/floppy-disk controller—to inter- 
face the boards’ hardware devices 
easily to the VRTX/OS. Because 
each MVME device support pack- 
age is supplied in the form of source- 
code listings, users can modify vari- 
ables, such as baud rate, to fit 
specific applications. The 
MVME117 and MVME130 packages 
provide driver support for onboard 
devices such as the MC68881 float- 
ing-point coprocessor, RS-232C 
ports, 8-bit parallel ports, the SCSI 
bus, the MC68B40 programmable 
timer, and the 8-bit software-reada- 
ble front-panel switch. MVME117 
and MVME180 device support pack- 
ages, $500 each; MVME3820 pack- 
age, $1000. 

Hunter & Ready, Box 11803, 
Palo Alto, CA 94806. Phone (415) 
326-2950. TLX 278835. 
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IMAGE PROCESSING 


The RTI-Station is an integrated 
digitizing, storing, and processing 
system for IBM PCs and PC-com- 
patible systems. It digitizes a high- 
resolution (512X512-pixel, 8-plane) 
video signal in %oth of a second 
from an RS-170, RS-330, RS-348, or 
CCIR source. You can connect as 
many as four video sources to the 
processing system. In addition, the 
system’s signal-conditioning hard- 
ware permits connections to VCRs 
and cameras. The system performs 
automatic input dc restoration; gain/ 
level controls are programmable. 
Four programmable 256x8-bit 
transformation tables allow pre- 
processing of the input signal. RTI- 
Station’s imaging-software library 
provides a driver interface, basic 
board-level control, high-level imag- 
ing algorithms for image enhance- 
ment, feature extraction, object 
recognition, and comprehensive 
board diagnostics. $10,000 to 
$23,500. 

Recognition Technology Inc, 
335 Fiske St, Holliston, MA 01746. 
Phone (617) 429-7804. 
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FORTH TOOLS 


An enhanced pf8086/MSD package 
for PolyForth programming oper- 
ates under MS-DOS but provides 
multiuser, multitasking capabilities 
not available in standard MS-DOS 
systems. Included are an integrated 
graphics package and _ screen-ori- 
ented editor that runs with any 
standard IBM color monitor. The 
standard math package is supple- 
mented by one that uses the 8087 
math coprocessor and allows you to 
perform 32- and 64-bit floating-point 
math, matrix arithmetic, and trigo- 
nometric, log, and exponential func- 
tions. The package comes in several 
levels. Level 8 includes the multi- 
user, multitasking operating sys- 
tem, a compiler, an assembler, a 
high-level interpreter, a string edi- 
tor, routines for database support, 
disk and print utilities, and source 
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Only Airpax gives you real design freedom ee ae mag- 


netic circuit breakers. From 50 milliamps to 50 amperes, in more than 
50 configurations and styles. Only Airpax VDE approved breakers 
can ep open your world markets. Airpax Corporation, Cambridge 
Division, Woods Road, Box 520, 
Cambridge, MD 91613. 

(301) 228-4600. A North 
American Philips Company. 







CAMBRIDGE DIVISION 
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See Us At Booth 522-530 





FLECTROCHEM 
QUALITY LITHIUM 
POWER SOURCES 








Someumes you need power in the Why Electrochem? We're a leader in 
most remote, hostile environments... Iithium power sources, and we'll go 
Ike data gathering stations in sub-zero to the ends of the Earth to meet your 
chmates. That's a service call nobody power source needs. But chances are 
wants to make. we won't have to because we have a 
In extreme cases like this, specitiers wide range of hthium batteries, and 
rely on incredibly powerful, dependable packs, for almost every conceivable 
and long lasting Electrochem Iithum application... in stock. 
batteries. Qur team of power source experts Is 
But you don't have to operate ona ready to take on your next challenge. 
frozen tundra to experience the advan- They'll introduce you to our exclusive 
tages of Ithium power sources... they CEllection program... to determine your 
work in critical everyday applications like needs and provide the most effective and 
metering devices, memory backup, efficient solution. 
telemetry and many more. When you need a rellable 
Why iithum? Today Iithum power power source that will go 
sources represent a highly developed to the ends of Earth, look 
technology offering distinct advantages no farther than Electrochem. 


ELECTROCHEM 
b ... Wke high 
re ight in ae, to for more information on INDUSTRIES 


virtually any chmatic condition, ex- Iithium power sources, and our 
tremely reliable performance for years CFllection program, call i dgrhlihrl a al 
with no recharging required. In short, (716) 759-2628 and say CLARENCE, NEW YORK 14031 
better overall operating efficiency. “Hello, Electrochem!” (716) 759-2828 TELEX: 91-386 
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code for the elective utilities. Level 
4 has all the facilities of Level 3 plus 
a target compiler and source code 
for the entire system. Level 3, $600; 
Level 4, $3200. 

Forth Inc, 111 N Sepulveda Blvd, 
Manhattan Beach, CA 90266. Phone 
(213) 372-8493. TLX 275182. 
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Z80 CROSSASSEMBLER 


The AX Z-80 absolute crossassem- 
bler and the RX Z-80 relocatable 
crossassembler both run on the IBM 
PC and compatible computers. The 
AX Z-80 absolute crossassembler 
translates an assembly source file 
into a downloadable object file with 
absolute addresses in Intel hex for- 
mat. The RX Z-80 relocatable ver- 
sion translates an assembly source 


file into a relocatable file, which you 


can then link with other relocatable 
files (by using the linker included in 

the package) to form a downloadable 
object file in Intel hex format. Both 
crossassemblers feature pseudo-ops 
and conditional assembly and _ in- 
clude descriptive error messages 
and cross-reference tables. One- 
time fee for AX Z-80, $250; for 
RX-Z80 with linker, $400. 

United States Software Corp, 
5470 NW Innisbrook Pl, Portland, 
OR 97229. Phone (503) 645-5043. 
TLX 4993875. 
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AI TOOLS 


The Lisp Toolkit runs on any VAX, 
MicroVAX II, VAXstation II, or 
DEC AI Workstation that’s config- 
ured to run VAX Lisp (version 1.2 
or a later version). It also works in 
conjunction with Inference Corp’s 
Automated Reasoning Tool (Art). 
This set of development tools in- 
cludes five main modules: The FMS 
Module is a fourth-generation form- 
and menu-display package layered 
on VAX FMS. The GKS Module 
allows the control, use, and genera- 
tion of device-independent imaging 
and graphics from VAX Lisp or Art. 


The RDB Module allows the tight 
integration of traditional database 
technology with AI technology. The 
CMS/MMS Module extends DEC/ 
CMS and DEC/MMS to permit ap- 
plication maintenance of VAX Lisp- 
and Art-based systems. The DEC- 
net Module provides a VAX Lisp- 
based distributed communications 
environment for building cooperat- 


ing expert systems or any other 
VAX Lisp-based distributed appli- 
cations. License for VAX 8600, 
$24,000; for 78/785, $15,000; for 
VAX 750, $8000; for DEC AI Work- 
station, $6000. 

Composition Systems Inc, 570 
Taxter Rd, Elmsford, NY 10523. 
Phone (914) 592-3600. 

| Circle No 455 


_ WEATHER FORE( — 


_ Low Temperature, 


That’s what you'll be forecasting for your 
system when you use ETA high current, 
switchmode, DC power supplies. They 
maintain the lowest component-to-ambient 
temperature gradient in the industry. At 
least 15% lower. 


ETA does it from 500 to 1800W; 1 to 5 
outputs; to 360A. More power? Parallel-up 
and share current automatically — no 
master. Six new high density models 
deliver up to 1200W from a smaller 

5”x 8" x 10” case. 


Reliability is the priority with ETA. A 
unique hybrid thermal design (patent 
pending) maintains low component tem- 
peratures. High voltage transistor V-I 
reshaping enhances safe area operation. 
Fault tolerant designs provide protection 
for power supply and system alike. In-house 
stress tests “beat-up” the power supply 








more than your system ever can. Then 
there’s burn-in. The end result is high 
system reliability for you. 


That’s why ETA has become the vendor of 
choice for reliability sensitive applications 
with many Fortune 100 computer/lelectronic 
companies. 


Call or write for ETA’s new full line 
power supply catalog. Judge the value 
for yourself. 


ETA 
POWER 
SYSTEMS 


2675 Junipero Ave. 
Signal Hill, CA 90806 
(213) 427-0095 
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AMERICA'S BEST 
PROGRAMMERS 
















Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14000 27256s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs ata time. 
64K to 256K bytes of DATA RAM. 
Simple one key programming operation. 


Two RS-232 ports with data transfer formats 
included. 

















27-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Simple menu driven operation. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMS, bi- 
polar PROMs and INTEL MCUs. 


Upgradeable PROM based software. 

Stand alone or PC/XT/AT operation. 

Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
2716-27512, 1 to 4 DATA BLOCKS. 
64K to 256K bytes of DATA RAM. 

e Software personality. No plug-ins. 












ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 


Glendora, California 91740 
(818) 914-1926 
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SOFTWARE 





PL/I COMPILER 


The PL/I compiler for Prime Series 
50 superminicomputers meets the 
requirements of the ANSI X3.53- 
1976 and ISO 6160 standards for the 
PL/I language. It also contains ex- 
tensions, such as Select and Leave 
statements, to provide functional 
compatibility with IBM PL/I. The 
compiler is upward compatible with 
the extended version of PL/I Subset 
G offered by the company. Both 
compilers use the same run-time 
library, so that third-party pro- 
grams compiled under either of 
them can be run without the pres- 
ence of the compiler. Both compilers 
are compatible with the the compa- 
ny’s Interactive Source Debugger 
and use the same interface to the 
PRIMOS operating system. For 
Prime office systems, $4000; for 
Prime computer-room systems, 
$7000. 


Prime Computer Inc, Prime 


Park, Natick, MA 01760. Phone 


(617) 655-8000. 
Circle No 456 


PROCESS SIMULATOR 

The Chemead integrated PC soft- 
ware system provides process simu- 
lation and 2-D CAD. You can pre- 
pare process designs, quickly 
analyze design alternatives, predict 


the effects of changes on plant oper- 


ating conditions, optimize energy 
consumption, and eliminate bottle- 
necks and increase throughput. The 
package can simulate flowsheets 
containing as many as 100 streams 
and 50 pieces of equipment, and it 
has 16 built-in equipment modules 
capable of modeling virtually all 
process plants. The same program 
that you use to perform the simula- 
tion allows you to produce the pro- 
cess flow diagram (PFD); you 
choose which calculated results ap- 
pear on the PFD. You can obtain 
hard copy using an HP 7400 Series 
plotter or an Apple laser-jet print- 
er. The program runs on an IBM PC 
or equivalent with 64k bytes of 
RAM, a hard disk, an Intel math 


coprocessor, and an IBM enhanced 
color-graphics adapter. $7350. 
Coade, Div of International 
Thomson Information Inc, 8550 
Katy Freeway, Suite 122, Houston, 
TX 77024. Phone (800) 231-0782; in 
TX, (718) 978-9060. 
Circle No 457 


SCHEMATIC CAPTURE 


Circuit Design Mate schematic-cap- 
ture program allows editing of sche- 
matics in much the same way that a 
word processor handles text. The 
menu-driven, self-prompting pro- 
gram can retrieve often-used parts 
from libraries of user-created com- 
ponents or from the library of stan - 
dard TTL parts that is supplied with 
the package. Files can contain mul- 
tiple pages of schematics, and you 
can print schematics in A, B, or 
11X<14-in. sizes. The program re- 
quires an IBM PC, PC/XT, PC/AT 
or compatible system with 256k 
bytes of RAM; a 640x200-pixel 
IBM-compatible graphics card; two 
double-sided disk drives or one flop- 
py-disk drive and one _ hard-disk 
drive; an Epson or compatible dot- 
matrix printer with graphics capa- 
bility; and PC-DOS or MS-DOS 2.0 
or higher. $295. 


Midwest Micro-Tek Inc, Box 


29376, Brooklyn Center, MN 55429. 


Phone (612) 560-6530. 
Circle No 458 


BASIC COMPILER 


The BC 204 Basic compiler is the 
first compiler available for HP 
Basic, version 4.0, according to this 
manufacturer. It’s compatible with 
HP 9000 Series 200/800 work- 
stations. Compiled programs oper- 
ate directly with the manufacturer’s 
FP 200 or FP 210 floating-point 
coprocessors as well as the HP 
98635 floating-point coprocessor. 
$880. | 
Infotek Systems, 1400 N Baxter 
St, Anaheim, CA 92806. Phone (714) 
956-9300. 
Circle No 459 
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DASH-BAK SERVICE GIVES YOU FAST ACCESS TO THE COMPONENTS YOU NEED. When you 
need inductive components for data transmission circuits, count on AIE Magnetics’ new lineup of 
T-carner transformers. We've got the small pulse and wideband transformers and clock extractor coils to 
fit your needs—both in “stock” designs for sample quantities or custom-designed 
for: your specific circuit requirements. 

And no one brings it to you faster than AIE. With our DASH-BAK service, you 
receive “straight-from-the-catalog” orders within 72 hours and trans- 
formers that require design modifications within 5 days. 

Simply write or call us about your next design; we'll gladly send 
you Our catalog and your own DASH-BAK service card. They'll 
give you the best shot at your goal. 







701 Murfreesboro Road Nashville. TN 37910 615/244-9094 


NAGE. 7, IGS “A Division of @pvernitron Corporation’’ 
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2,000 sharper-than-ever characters 


all on a portable LCD display. 


Toshiba’s newest LCD modules give you 640 x 200 dot Specifications 
displays in a choice of two viewing sizes. One is approximately [  ——————C—SsS—~<C«SirT02~—S—=~«<C(C'sé‘(“‘zrK Z| Ci 


the size of a magazine, and the other about half that size. pao 8 = =O 
Both sizes put an enormous amount of information on view... 
an array of 80 characters X 25 lines. But still bulk and power Se eae 
consumption are at a minimum. Battery powered, these slim Overall Dimensions 274.8X240.6X17.0 | 275.0X126.0X15.0 
modules interface with various systems through LCD controller 
without renewing software. Maximum Ratings __ __ _ 
Toshiba’s advanced technology has also eliminated surface 
reflection and developed a sharper contrast which gives a 
brighter and easier to read viewing screen. And for low light or aa 
dark viewing an optional backlightable LCD is available. 
These versatile LCDs are ideally suited for applications as Recommended Operating Conditions 


displays for personal computers, POS terminals, portable word 5+0.25V 
processors and other display ter- cide (oo —11+3V Var. 


in. VpbbD — 0.5V min. 


minals. You can also look to Toshiba Input Voltage 

: : : 0.5V max. 
with confidence for a wide range of Typical Characteristics (25°C) 
sizes and dis- : a 
play capacity 3 H  |_Time 
to suit your — I) | ContrastRatio [| 
LCD require- | 15 — 35 degrees 


ments. ae Design and specifications are subject to change without notice. 


TLC-363B TLC-402 





Toshiba America, Inc.: Electronic Components Business Sector: Head Office: 2692 Dow Avenue, Tustin, CA 92680, U.S.A. Tel. (714) 832-6300 
Chicago Office: 1101 A Lake Cook Road, Deerfield, IL 60015, U.S.A. Tel. (312) 945-1500 

Toshiba Europa (1.E.) GmbH: Electronic Components Div.: Hammer Landstrasse 115, 4040 Neuss 1, F.R. Germany Tel. (02101) 1580 

Toshiba (UK) Ltd.: Electronic Components Div.: Toshiba House, Frimley Road, Frimley, Camberley, Surrey GU 165JJ, England Tel. 0276 62222 
Toshiba Electronics Scandinavia AB: Vasagatan 3, 5 TR S-111 20 Stockholm, Sweden Tel. 08-145600 








PROGRAMMABLE 


4 cROSS HAIR GENERATOR : 


_ SPEEDS 
IMAGE 


cae | 


2 ELECTRO | AND 
-MINI MICRO 
BOOTH #2629 


: STD b bus for syste 
Generator provides ariety 0 signal Ae includin 
data, making i | ( ognition building bh A 
board provides a target mode as vol as 1 to8 black, white or dotted 
lines in any combination. A joy stick option in conjunction with 
position readout is useful in optical measurement applications. 


9 Executive Drive : a 


Hudson, NH 03051 
(603)882-1447 
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—6Ote 40in 1s 


Remarkable performance. A linear 
microstepping motor/drive 

system with a resolution of 

12,500 steps per inch. 

Capable of speeds up to 

40 inches per second. An 
interesting alternative to 
leadscrew, rack and sichecal 

or belt drives. 

















call 1-800-358-9068 
_ for our latest catalog 


1 Another step forward from . . 


©comPumor FOR 
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‘MEASUREMENT | 
_PROCEDURES | 


a aneri s for - and current products. 


NEW “LITE: LINK”’ 
MINIATURE FIBER OPTIC. CONNECTOR 
e Easy In-the-Field Installation 
e Exclusive Quick-Disconnect 


Series 808 proves a space- saving glass fiber optical con- 
| nector for applications ranging from optical data links to 
_ LAN (Local Area Network) interface. Itis field installable. 


Features bayonet type, twist lock for quick-disconnect. 
Has integral bushing and spring loading to assure proper 
fiber end-spacing and alignment. 

Connector will terminate 50/125 or 100/140 micron 
multimode, glass fiber optic cable. Available in both single 
and duplex line configurations for cable-to-cable, cable- 
to-PCB and cable-to-wall mount interconnects. Applica- 
tion Kits are offered. 


, oe ELECTRONICS, ING. 
7447 W. Wilson Ave., Chicago, IL 60656 _ 
(312) 867-9600 Outside IL: 1-800-323-6858 
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EXORbus/MICROMODULE® 
COMPATIBLE BOARDS 
FROM STOCK 


mikul” offers a full line of 
EXORbus/Micromodule compatible 
boards including an enhanced 
MM17 replacement, I/O, memory 
and more. 


For more information contact— 
i il ] ™ 
A Division of TL Industries, Inc. 


2541 Tracy Road © Toledo, Ohio 43619 © (419) 666-8144 


© TRADEMARK OF MOTOROLA 
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LOGIC PROGRAMMER...‘‘and’’ 
DESIGN & TEST SYSTEM 


DIGELEC Model 803-LDC $3450. 


Supports design & test in “STAND-ALONE” as well as 
computer control operation 

Built-in CRT display for entry and display 

Both Boolean equation & fuse map entry for PALs 
Exclusive Boolean equation DISASSEMBLER for PALs" 
H&L Logic table entry for IFLs/FPLAs 

User defined JEDEC format vector testing entry 
Time-saving CRC TESTING using internal pseudo- 
random test pattern generator 

Programs 20, 24 & 28 pin PALs & IFLs, virtually all 
manufacturers and UPGRADEABLE 


—Also manufacturers of EPROM, GANG, OEM, 
BOARD LEVEL & UNIVERSAL PROGRAMMERS— 


DIGELEC, INC. 
1602 Lawrence Ave., Ocean, NJ 07712 


For immediate action call: (201) 493-2420 
CIRCLE NO 240 


UNIVERSAL UP/DOWN COUNTER 


@® @00000 ® 


Its a ssunelable, 4 digit een counter with optional 
DIGITAL LIMIT, with LARGE L.E.D. display and 5-150VDC or 
115/230VAC power input housed in 1/8 DIN/NEMA metal or 
plastic case with screw connector. To it we plug in at your op- 
tion RPM, FREQUENCY, RATE, QUADRATURE, DATUM 
ZERO, TIMER, CLOCK, PULSE DIVIDER and more and/or 
tristate opto isolated BCD. RELAYS and logic for zero and 
limit detection give you unlimited applications. One unit for all 


your counting needs. 
“SERIES 270” 
M.C 


7 l. . ba 
cod ij;|)) \ 4016 Tennessee Street 
Tucson, AZ 85714 
(602) 748-7900 
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PICO’s Miniaturized | © 
Power Inductors | {igs og Pac nas ae 


for Noise, Spike and Power Filtering 
Applications in Power Supplies, DC-DC 
Converters and Switching Regulators. 
“ Inductance values from 
20 millihenry to 
ae 10 microhenry with 
toa wetece DC currents 
_ Seeyrse §€=6fo 6 Amps. 









The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on- 
board battery backup. 


General Features: 

CJ For high performance systems: 
no wait states or software overhead 

L] Attaches to all SBX and BLX compatible Multibus boards 

(_] Programmable alarm clock and periodic interrupts 

() 12 or 24 hour time modes, in both BCD and binary format 

_] Internal 100 year calendar with leap year compensation 

(] Selectable automatic Daylight Savings compensation 

(_] Contains fifty bytes of general purpose non-volatile RAM 

(_]) RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois 60067 
Telephone (312) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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SVME-101 Intelligent 
VMEbus Expansion Card 


@ 68000 (8, 10 MHz) processor 

@ 128/512 Kbytes tri-ported RAM 

@ High performance DYBX I/O channel (16D, 
24A control) 

@ One RS-232C, four counter timers 

oa 

£ 


See us at Electro 86, Booth 1109 











Two 28-pin byte-wide sockets 
Interrupt handler 
For more information on the SVME-101 contact: 
DY-4 Systems Inc., 
1475 S. Bascom Ave., Suite 202, 
—— CA 95008 (408) 377-9822 






part number 
IL-T-27/356- 












PICO Electronica, inc 453 N. MecQuesten Phy. 
Mt. Vernon, NY 10552. In NY call 914-699-5514. 
Call Toll Free 800-431-1064 
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A complete line of solid state pressure transducers, sensors, and — 

transmitters. PC Board-mountable or fully packaged. For both 

gasesandcorrosiveliquids. Lowcost, reliable. iC Sensorsisaieading wy 

manufacturer of standard and custom pressure transducers. : Noa 

© 0-5 to 0-5000 PSI | oO co = RES U L I S 
e Gage, Absolute, Differential — . so 

© 3x Overpressure = ‘ ew * 

Temperature Compensated — . WITH 
© Piezoresistive im, eeee | 


© 316 Stainless Steel . ' — 
Diaphragm : 
© Sensors: 100mV & 200mV PRO 1D) GL Ga h 
© Transducers: 1-6V . 
« Ocets cel Yel DDB-10 DUAL AXIS STEPPER MOTOR DRIVER 
; Oe Optically isolated interface board independently 


© Applications: 4 riv four-oh ni 
TT lcrucaiailes drives two four-phase unipolar steppers to 48V and 















































































_ Ua vee 5A/phase. Simple connection to most computer I/O 
_ Air Conditioning -one line for STEP, one for DIRECTION, two for en- REACH OVER 1 37,000 
~ Robotics : coder/limit sense inputs (each channel). All output 
. Mbabeaieed eee | - drivers protected from inductive stepper spikes. READERS — 
. : : Eight LEDs display step drive activity. Optional on- ALL SPECIFIERS 
_ Automotive . board voltage reference and linear voltage controll- 
- inionsrele! — ed oscillators give analog speed control capability. OF ELECTRONIC 
~ nmagement ae 
= Maatn Tels — KINETICON SYSTEMS COMPONENTS, SYSTEMS 
1079 Culloden Ct. 
1701 McCarthy Bivd., Milpitas San Jose, CA 95121 AND EQUIPMENT! 
===ensors CA 95035 (408) 946-6693 (408) 365-7063 
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CADD for $99.95 
GENERIC CADD is a sophisticated 
& easy to use Computer Aided 


Drafting/Design program for PCs. 
GENERIC CADD Features: 


Drawing Layers © Component Libraries 
Component Libraries © User-Defined Fonts 
Video & Digitizer Menus ® Color Graphics 


Other Available GENERIC 
Software: 
AUTOCAD™ file conversion for $24.95 
Dot Matrix printer/plotter option for $24.95 


Call 1-800-228-3601 to order 
































PHILIPS DOT MATRIX LCD’s 


Amperex announces the availability of Philips 
Dot Matrix LCD displays in 1x16, 2~x 16, 
2x40 characters and Graphics Panel con- 
figurations. Each of these displays features a 
















built-in character generator and display con- Np dealer calls, reGw. : abo MPU, serial V0, porate 1/0, RAM, EPROM, 
troller. For detailed information and specifica- MC, VISA, COD. Add $3.00 for shipping ‘pin 45° * 6.5 PCB 
tions call or write: 60 day money back guarantee EXPANSION MODULES: RAM. EFROM, SMCS RAM/ 

_ battery, analog 1/0, serial |/O, parallel |/O, counter/ 


GENERIC SOFTWARE See cea 
13250 NE 40th St 


: Wintek Corp: 
Bellevue, WA 98005 Bd wiwrex| WINTER | (2h, oe 
(206) 885-5307 347-742-8426 


(800}:742-6809 


Amperex Electronic Corporation 
George Washington Highway 
Smithfield, Rl 02917 
Telephone (401) 232-0500 
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Schematic Capture 


fe 3-1 


‘Now a complete design tool for your IBM or compatible 
computer that includes everything you need to design, 
edit,.and print electronic schematics. Compare these 
features and you will discover that OrCAD/SDT is the 
most powerful, complete, and cost effective schematic 
design tool available. : 

¢ Full color & monochrome graphics. 

¢ Supports A through E size sheets. 

¢ Unlimited level hierarchy. 


ep ful keyboard - 
SAulonetc panning. SBX 8086 DEVELOPMENT PACKAGE 





STD BUS — Single board computer 
















* Part rotation & mirroring. @ SOFT-EMULATOR firmware Executive SOLE aa eee 
* Clility programs for post processing. @ |IBM-PC interface (symbolic debug opt.) é ee ; 
¢ Over 1600 library parts. ® 2ch | RS-232/422 HDLC/SDLC @ MULTITASKING NUCLEUS, 16k-Rom 
* Supports the most common PC graphic cnanne » | @ RS-232. 16 bit parallel, 5 Timers 
boards, printers and plotters. @ DMA, 2 Interrupts, multidrop @ EXPANSION: 2ch DMA. 768k-DRAM/ 
. @ Fast on-line PROM programming ai 
BROCHURE and DEMO DISK — NO CHARGE! 
TOTS A crercramags @ EPROMS: 2716-27512, IMb workspace ROM IEEE Numeric processor 
23315 W. Baseline Road MICRO-CRAFT MICRO-CRAFT 
Hillsboro, Oregon 97123 P.O. Box 124 P.O. Box 124 
(503) 640-5007 Boulder Creek, CA 95006 Boulder Creek, CA 95006 
(408) 338-4958 (408) 338-4958 
CIRCLE NO 253 CIRCLE NO 254 CIRCLE NO 255 
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 - — PRESTON QUALITY AT A NEW 
“ _ REMARKABLY LOW PRICE 
Building Better Solutions With The 
New EM Series A-to-D Conversion Systems 
Preston Scientific now brings you its new 
low-cost, high performance ADC Instrumen- 
tation Systems. The EM Series! Three models 
give you 13-bit resolution and the conver- 
sion rate you need for your most critical 
applications. Three models: 1MHZ, 
500 KHZ, 312 kHZ. All with the same 
fel-iaielduirclaler-e-lalemelr-liavm dat-laar- taille) 
Preston world-famous. ; 
The new EM Series provides: high 
weeed Voubun ov mrevoniis 
aro istawese volcinomes Seat TEST COMPONENTS IN CIRCUIT, POWER OFF 
all, the EM Series can be delivered WITH THE NEW HUNTRON TRACKER 2000 
foltile; @NWaRclORel- We. 1s(@mBlelswact-i2¢(-1 ; : 
for less. For a better A-to-D solu- Revolutionary Huntron Trackers find shorts, opens, 
EPROM DUPLICATOR WITH RS232 tion, call or write today for details. leakage and bonding problems in analog, digital and 







The Model 98 has stand-alone programming am eli aieelieg Fe er oe 

eae a get hen ee ‘4 fete cent — - : troubleshooting tool that finds the faults scopes, 

270512 EPROMs, anc 28 GA, 28644 “a a Ant ipo oie ee ee start 
; annie or the nearest distributor, ca 

190 seconds. A serial interface provides file : — 1-800-426-9265, Dept. 270. 

transfer to/from IBM PC, or PC compatible. ; : HUNTRON INSTRUMENTS, INC. 

Silicon identifiers are supported for Intel, heen a ae 15123 Highway 99 North 

AMD, and SEEQ. Price $650, Software $40, TP I BOE Gai Avop Dept. 270, Lynnwood, WA 98037 

Copy modules $18. Optimal Technology, | Oe PHone 276-6 


: (7145. 0 pate 
Earlysville VA 22936. 804-973-5482 fc a HMUNTRON 
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Custom “Hi-Rel" s, ... 


POWER/CURRENT/CONVERTER 


transformers 




































ésistance (ohm) _ 


ee LRRLA 
seHY 
tain 


m Stainless stee 
Leodigctiaicet-[e (<1 







Or: i igsi= 





TEMPERATURE (°C) 































ee ‘ 1-800-323-7115 
FOR REPEATABILITY OF PRODUCT...all specs translated SOLID STATE THERMAL SWITCH ext. 502 
into standardized format & language CANTHERM’S MOXIE™ In Pennsylvania >. 
FOR IDENTICAL PROTOTYPE AND PRODUCTION PARTS... THERMAL SENSOR 1-800-329-7114 i ; 
there's total documentation of production and Q.C. 57°C, 65°C, 75°C, 85°C Delivery from stock fe) 0) ate) 8 be a ¥ per 
TCR max - 200%/°C Optional housing i “ 
ALL SIZES AND POWER LEVELS/MILITARY/INDUSTRIAL Excellent stability Also in chip form | ® ; 
Application information Samples available upon 
iN A AY AAD CY request ‘ | 
TO RW S ren A peg Canadian Thermostats & Control Devices Ltd. 
( 8415 Mountain Sights Avenue One Apollo Road 
MS ow VY UY Montreal, Quebec H4P 2B8 







410 Oberlin Ave. South, Lakewood, NJ 08701 © (201) 364-1800 


(514) 739-3275 Tx. 05-825619 Plymouth Meeting, PA 19462 
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_ Capture and Analyze Waveforms 
_ with the IBM Personal Computer 


| _ Single card plug-in module and software package 
- makes IBM PC (or compatible computer) a digital 


storage oscilloscope. 


© 25 MHz real-time sampling rate, down to 250 Hz. 


_ Pre-trigger viewing of waveform. 
e Dual oe channels, gain from 0. 005 V/Div to 5.0 
~V/Div. 

* Software. package provides full santo! display, 
disk storage, print-out and analysis. 

¢ Computes true RMS, frequency, power, mean 
volts, averaging and more. 

e Interfaces with user’s Basic program for use intest 
or control system. 


From stock, $1500 inchiding software. 
-.. OEM discounts available. 


_ Integrated Systems Products, Inc., 6028 Free- 


| mont Circle, Camarillo, CA 93010. Call for data 
sheet (805) 987-5125. . 
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: CONTROL COMPUTER WITH BASIC - 
ONLY $345 


Versatile Z-80A data acquisition and control 
computer. Resident 16K Floating Point BASIC 
language for easy programming. Connect a 
CRT terminal, a 5V supply, and write pro- 
grams. The SYS-2Z includes: 12-bit A/D con- 
verter, digital I/O, lamp/relay drivers, EPROM 
programmer, RS-232C port, 8K RAM, ROM- 
mable code, Auto-run operation, and Debug 
Monitor. Expandable. Octagon Systems, 
6510 W. 91st AYE. Westminster, co ia 
303/426-8540. 
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SIMULATORS - CROSS ASSEMBLERS - PRO- 


| GRAMMERS - SIM51 and SIM48 Software Simu- 
lators run on IBM-PC, CP/M-80, MS-DOS. | 
Designed for validation & debugging application 


software. Simulation includes all on chip func- 


tions plus expansion chips. $250, one year FREE 


KSA switches lower your assembly costs 

with a sealed, auto-insertable design that 
resists processing contamination. Built- 
in contact straps, positioning studs, 
snap-in pins, and optional ESD protec- 
tion further simplify assembly, and a size 
of only 7.62 x 10.16mm can save up to 
50% on front panel space. | 


ITT Schadow Inc. 
8081 Wallace Road 
Eden Prairie, MN 55344 
(612) 934-4400 


Circle No. 235 for an ITT Schadow Catalog 
Circle No. 236 for Sales Engineer Call/Samples 


ELIMINATE DECOUPLING CAPACITORS 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
capacitance of .05 micro-farads per lin. in., at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density ona 
two sided board. 


— ELDRE COMPONENTS, INC. “1500 Jefferson Rd. 


Rochester, NY 14623 
(716) 244-2570 
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ROEDERSTEIN 


ROEDERSTEIN introduces F 1710 “Y class” 
suppression capacitor in a molded 
plastic case, 25O VAC, with value range 
from 1000 pfto Ol uf, in 9 different case © 
sizes. Designed to meet VDE 0565 part 


MACRO CROSS-ASSEMBLERS 


6001/6901 
6805 
009 


INTROL NL CORPORATION 


647 VAY V Irgin i 
Milwaukee, Wi 53204 


(414) 276-2937 





1 updates, Formats: PC-DOS2.xDSDDCP/M-80 _ | 
/ SSD, many 5%" formats. Cross Assemblers ; a nae 
_. PROM pgmrs also available. Logical = ee eee as sae 
Systems Corp. 6184 Teall Station, Syr, NY 13217 — or more Inlormatlon Contac : 
| as | | ROEDERSTEIN ELECTRONICS, INC. 
_ leatca Sntems. : PO Box 5588, 2100 West Front St., Statesville, NC-28677_ 
- (704) 872- 8101 TWX: 810-625-0786 
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which righ i base 
sistor. Isolation of 
40V, and current tran 
ina perinatal sea 


1/12.79, and as asafety capacitor’ ° 
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The SCC Cost Efficient Programmer 
for EPROMS/EEPROMS. 











Basic System $1,195 includes: REGISTERED INTEGRAL MODEM TELEPHONE LINE INTERFACE 
Keypad, serial port, display, 8 gang program- Designing a modem into your product has never Cermetek’s DAA module, the CH 1812, allows 
ming, set programming, and device menu — been easier—and quicker. Just plug Cermetek’s you to implement a registerable phone line inter- 
no personality modules. 256K byte memory 1770 FCC registered modem module onto your face right on your circuit card. All Cermetek DAA 
option — program 512 devices. UV Eraser circuit card, connect it to power, your system’s modules are compatible with today’s modern 
$395. UART, and to the phone line via an RJIIC jack. components currently available from semi- 

—( "(= conductor manufacturers. 
Cermetek Microelectronics, Inc. Cermetek Microelectronics, Inc. 


Southern Computer Corporation 


: 1308 Borregas Avenue 1308 Borregas Avenue 
A 
Anata: Gosia 30340 Sunnyvale, CA 94088-3565 408/752-5055 Sunnyvale, CA 94088-3565 408/752-5055 
404/455-8018 
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IBM PC COMPATIBLE RS232 EASI-DISK 
5%" FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


DC-DC CONVERTERS 


Your Helping Hand! 


























ee Hila 
Reads & Writes IBM PC DOS 5%” Disks ace 
RS-232C 1/0 


Rugged Portable Package 
Host and/or Manual Controls 
ASCII or Full Binary Operation 
Baud Rates 110 to 19.2 K Baud 
Automatic Data Verification 
@ Price $1,095 in Singles - OEM Qtys. Less 
28 other systems with storage from 100K to 35 megabytes 
ANALOG & DIGITAL PERIPHERALS INC 
SS 815 Diana Drive 
A'DPI Troy, Ohio 45373 
513/339-2241 
TWX 810/450-2685 
Branch Off: Oklahoma City. OK - Factory: Yucca Valley. CA 
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Switch Mode Power Supoty 
-Inductor Calculator- 


Provides calculations for buck, 
boost and flyback mode power 
supplies. Also a section for output 
filter calculations. 

TO RECEIVE YOUR COPY SEND $39.00 TO: 


HURRICANE 
P.O. Box 1280, Hurricane, Utah 84737 


The source of all your magnetic needs 
(Request our full line catalog) 
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This DC-DC converter series was developed 
lohmeolUlmrehwZam-1arelialex-1alavep-laveme(ss-1(e] ale ccy-1ea Mam Mal= 
Ta) ele) egeluhaelUimor|gere|iecme)maal-More)aivi:\at-lar-lc-Mele)sae 
pletely isolated. The filter is bult in so that rip- 
ple and spike noise are reduced to a minimum. 
Input voltage: DC 5, 12, 15, 24, 48V 
Output voltage: DC 5,12, 15, 24, 48V 
High Efficiency, High Reliability, Low cost. 


P&C SHITEN ENTERPRISE CO., LTD. 


Tel: (02) 395-1400 Telex: 19206 PCSHITEN 
Cable: PCSHITEN P.O. Box: 30-291 Taipei Taiwan 
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Just slip these covers over 
the seats and backs. De- 
Signed for your shop and 
lab chairs. 















Available with or without pad- 
ded cushions, in black only. 













FREE DEMO DISK 

SCHEMA is acomplete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 













Laboratory Tested, the cov- 
ers help control static and 
provide years of service. 






























HOW ROGERS MINI/BUS® BUS BARS 













REDUCE YOUR COSTS: automatically generate design documentation such ee F 
ee cient an 
Move power distribution off-board: st as Wire and Net Lists, Bills of Materials, Design Rule 
with Slaves hoards. MINUBUS baler cunt Checks, etc. SCHEMA is $495 and supports most Economical. 


: slip-on upholstery 


Covercraft Co. Inc. 
PO Box 417, Goshen, IN 46526-0417 


common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 


between rows of columns or nest under 
columns of IC’s. Get more room without 
adding space or costs. Get rid of up to 
half the decoupling capacitors for many 
og aaoee So ere eis 

. Roosevelt St., Tempe, 
(602) 967-0624 (214) 231-5167 ceeere an eee 
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Call or write for more 
information. 
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CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 
rate on the fly, read 
position on the 
fly, and 
much 
more. 










68000 Multibus Board 


High performance 10 MHz 68000 processor 
based Multibus single board computer fea- 
tures four DMA channels, parallel interface, 
timers, real time clock, dual synchronous or 
asynchronous serial channels, up to 1 mega- 
byte RAM, 256K EPROM or 128K EPROM and 
64K battery backed up RAM, dual expansion 
connectors, on-board interface to Priam hard 
disk controllers. 
AMTELCO 
4800 Curtin Drive, 
McFarland, WI 53558 
(608) 838-4194 (800) 356-9148 
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COOLSIL 


THERMALLY CONDUCTIVE 
INSULATORS 


SILICONE COATED FABRIC 


Pulse of 
Dependable Communications 


Crystek Crystals offers their new 16 page 
free catalog of crystals and oscillators. Of- 
fering state of the art crystal components 
manufactured by the latest automated 
technology. Custom designed or “off the 
shelf," Crystek meets the need, worldwide. 
Write or call today! 


CRYSTEK CRYSTALS 


4000 Crystal Dr. « Ft. Myers, FL 33907 
P.O. Box 06135 « Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 
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MEMORY EXPANSION FOR 
INTEL EMV51 and ICE51 













CY512 
compatible, 
40 pin, +5 volt 
TTL, 8 bit I/O interface wi 
to ucomputer. $195 ea ($80/100)  “\ 
Prototyping board available. 


Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic , Mm 
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MEM31. MEMORY EXPANSION UNIT 


Hardware: The MEM31 circuit board is installed be- 
tween the emulator and the target system. The 
MEMS31 board contains 16K of R/W memory. The 
memory can be expanded up to 64K. No external 
power supply is needed. 

Software: The MEM31 software automatically splits 
your object file into emulatory loadable units. They 
are then loaded into the MEM31 via the emulator. 
The price is $695 which includes PCB, floppy disk 
and documentation. 

NOHAU CORPORATION, 164 Calle Larga, Los 
Gatos, CA 95030 (408)374-1594. 
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@ Eliminates the use of messy grease and mica ™@ Saves 
assembly time m@ Provides consistent thermal conductiv- 
ity @ Puncture resistant @ Excellent dielectric properties 
@ Available in standard T03, TO3P T0220 and many other 
configurations. 


Enhance your visibility 
to EDN’s 137,000 
EOEM circulation with 
a Product Mart Ad 






















Stockwell Rubber Company 
4749 Tolbut St./Philadelphia, Pa. 19136 
215-335-3005, 800-523-0123 outside Pa. 
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Computer  ssanonnsmst LOW COST PROCESS CONTROLLERS \C\(/\ Sottware 
San Jose, CA 95112 FOR COMMERCIAL AND SEMI TECHNICAL END USERS. Quelo® Development 
Parts Mart G03) 993-9011 zm C oI? SY rie 


Quelo Assembler Packages are Motorola compatible. 
Each package includes a macro assembler, linker/ 
locator, object librarian, utilities for producing 
ROMable code, extensive indexed typeset manuals 
and produces S-records, Intel hex, extended TEK hex, 
UNIX COFF and symbol cross references. Portable 
source written in ‘‘C’’ is available. It has been ported to 
a variety of mainframes and minis including VAX. 


68020 Assembler Package 
For CP/M-86, -68K and MS/PC-DOS ........ $ 750 


68000/68010 Assembler Package 
For CP/M-80, -86, -68K and MS/PC-DOS..... $ 595 


68000 “‘C” Cross Compiler 


For MS/PC-DOS by Lattice, Inc. 












STEPPER ENSEMBLE 100 Step High Precision Motor 


vs aah Motion. Stepper driver with bi ms/ 
15mh. %4"x 2.1” ground shaft with “ = 

helical follower groove @ 0.182” pitch. 
This is an extremely high accuracy 
assembly good to better than 50 microns 
absolute. Ball bearings, 5.5gm/cm 
inertia, 10 oz. in holding torque @ 400 ma. New, never used. Driver 
1.C.s: 3717 for P.W.M. Microstepping allows efficient use of any supply 
voltage up to 40v D.C. Motor and Two I.C.s including data sheets 


$14.95 


64K RAM Card expandable to 256K... .. $ 99 
SRK Cal 62s $249 












































Automate your processing; 
Controller programming requires only a 
power supply and dumb terminal. The 
programmer need only be familiar with 
‘BASIC’ programming language. 


CONFIGURED SYSTEMS AVAILABLE. 
Individual cards also available including; 
* CPU card with nine 8-bit ports to the 
controlled environment 



































































Pinte cd t Re ee gs CSET ac ina ees $149 . 

SASI IWibtface Card... $100 * Memory expansion cards With Quelo 68000/68010 Assembler Package $1095 
4510 Cad... eee $165 * Analog digital interface cards With Quelo 68020 Assembler Package ...... $1250 
0 $129 * High current/voltage drive cards 

SOAs ohtie 2 $125 . 9 : g Call Patrick Adams today: Quelo, Inc. 
0CPUGad $ 79 Real Time clock/calendar 2464 33rd W. Suite #173 
ite tt $300 Obtain automated controlling: Seattle, WA USA 98199 


Phone 206/285-2528 


Contact technical representative: : 
COD, Visa, MasterCard Telex 910-333-8171 


LASER VIDEO INC on (713) 850 4800 
Full Systems support available 


Complete STD Systems available—Up to 10 slots, 10 MB Disk, etc. 


MULTI-BUS | 


Now specializing in Multi-Bus |, we buy and sell boards, chassis, and 
development systems. 
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Trademarks: CP/M, Digital Research; MS, Microsoft Corporation; Quelo, 
Quelo, Inc. 











TELESIS GIVES YOU MORE THAN 
ONE PATH TO THE FUTURE. 





SMD TOOLBOX 
For surface-mounted and thick-film 
hybrid designs. 











ECL TOOLBOX 
Automates design of transmission lines. 





ANALOG 
Automatically handles non-uniform 
characteristics. 







DIGITAL 
Over 1,000 components can be 
designed as a single data base. 





















THE CAD WORKSTATION FOR 
EVERY PCB TECHNOLOGY. 
Most CAD systems just can’t 
handle today’s complex PCB designs. 
But the Telesis EDA-700 Design 
Workstation lets you follow any 
technology path—from digital to 
analog to ECL to SMD. It also gives 
you complete design tools. Like 
schematic creation. Automatic 
placement and routing. Design rules 
checking. Artwork generation. And 
it’s so flexible it can even handle 
tomorrow’s PCB designs, regardless 
of device technology, density 
or packaging technique. 
Telesis takes you beyond 
conventional design 
solutions. Our unique 


Thermal Analyzer software predicts 
thermal behavior prior to proto- 
typing. And our fully integrated 
Design Capture System places 
low-cost productivity tools in the 
hands of the engineer. 

With all this capability at an 
affordable price, it’s no wonder that 
Telesis ships more PCB CAD work- 
stations than anyone else in the U.S. 

For complete information, call us 
at 617-256-2300. Or write Telesis, 
Two Omni Way, Chelmsford, MA 
01824. We'll put you on the path to 
the future of PCB design. 





CIRCLE NO 293 











Werun with 













compatibility. 


Talk about easy interfacing. 
You can take a ZETA 824 or 
ZETA 836 plotter and plug it 
into virtually any computer md 
made. boccttit 

What’s more, you'll be ready to run 
because our plotters understand a 
variety of computer protocols. Select 
the model for your application then 
just plug in and plot. 

In fact, we’re a plug compatible 
replacement for many plotters from 
HP, CalComp and Tektronix. Some 
models of our plotter can even run 
directly from your IBM cluster con- 
troller. Now that’s easy interfacing. 

When it comes to your favorite 
application packages, you'll be on 
safe ground too. Packages such as 
CADAM, TechniCAD, Euclid, P-CAD, 
AutoCAD and many more. 


finished plots. More 

productivity. Plus, these “D” 

and “E” format plotters let 

F you run either single sheet 
or roll media. 








Easy-to-use touch controls. 


Your time is valuable. So we've 
made our touch controls simple — 
yet powerful. Set speed, pen pressure, 
liquid ink parameters, electronic limit 
sensing, windowing, scaling — all at 
the touch of a finger, Self-test and 
diagnostic plots too. Let us show you 
dozens of other time-saving opera- 
tions in a brief demonstration. 


PRIME fff, 
dfifgli| tall} 


If CO 


GRAPHICS 





Plotter specialists. 


We've been designing hardware 
interfaces, plotting language emula- 
tors and high performance pen plot- 
ters for over 14 years. Nicolet also 
provides you with worldwide sales 
and service suppotrt. 

Give us a call. See how easy it is to 
join the crowd. 





The most productive plotter 
for the money. 


You'll be getting the highest output 
plotters for the money with our new | 
ZETA 824CS and ZETA 836CS. More 





Call (415 ) 372-7568. 
Nicolet Computer Graphics 
Division, 777 Arnold Drive, 
Martinez, CA 94553 

TWX 910481-5951 


t= Nicolet 


Computer Graphics Division 





ee 


CADAM is a trademark of CADAM, Inc. 
TechniCAD is a trademark of Tektronix, Inc. 
Euclid is a trademark of MATRA DATAVISION, Inc. 
P-CAD is a trademark of Personal CAD Systems. 
AutoCAD is a trademark of Autodesk, Inc. 
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Catalog depicts data 
converters, -1553 products 


This 1986 8-pg short-form catalog 
describes more than 100 of the man- 
ufacturer’s products, including nu- 
merous new devices. It provides 
specs and technical data for data- 
bus products, A/D and D/A convert- 
ers, synchro-to-digital and digital- 
to-synchro converters, S/H and T/H 
amplifiers, synchro and resolver in- 
struments, and MIL-STD-1553 
components. The booklet also de- 
picts units providing special func- 
tions such as control transformers, a 
synchro booster amplifier, and 
Inductosyn-to-digital converters. In 
addition, it describes the company’s 
MIL-STD-1772-qualified facilities. 
ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. 
Circle No 460 


App note explains remote 
temperature transducer 


This 4-pg application note concen- 
trates on minimizing the influence of 
noise in remote-temperature-mea- 
surement circuits. It outlines how to 
build a remote temperature-to-cur- 
rent transducer with a —55 to 
+100°C range and a 100-mV/°C out- 
put voltage using the AD590 linear 
current-output temperature trans- 
ducer. The publication treats types 
of noise, initial noise effects, ele- 
ments of noise, RF noise, and 


EDN April 17, 1986 


shielding to eliminate electrostatic 
noise. Sixteen accompanying dia- 


grams include graphs of RF noise, 
correct shielding, mutual induc- 
tance noise, and bypass capacitors 
to reduce RF noise effects. 

Analog Devices, Literature Ctr, 
70 Shawmut Rd, Canton, MA 


02021. 
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Digital multimeters 
described 


This 8-pg color brochure details Se- 
ries 20 ruggedized digital multime- 
ters and explains the design and 
construction of the instruments. It 
also includes information on typical 
applications, a specification table, 
and _a listing of accessories for the 
meters. 
John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. 
Circle No 462 


Guide lists semiconductor 
and IC products 


The Designer Selection Guide (# 
R15) describes the company’s semi- 
conductor and IC products. It de- 
tails representative items in each 
product family, and one section de- 
tails packaging options. Among the 
products covered are microproces- 
sors, microcontrollers, peripheral 
devices, dynamic and static RAMs, 
and EPROMs. Also included are 
gate arrays, coder/decoders, bipolar 
and logic families, and linear ICs, as 
well as gate turn-off modules, power 





Winchester 
Electronics 


for Euroconnectors 
conforming to DIN 41612 
& VG95324 


INCLUDING 
Std. DIN e Inv. DIN e 
Multi-Purpose e Ribbon Cable 
e American Expanded - 
Std. & Inv. e System 12 
e 4Row HD ... 


available in Solder, Wire- 
Wrap & C-Press® compliant 
pin terminations. 


rom 
oe 


CALL OR WRITE: 
(203) 755-5000 
1-800-262-2678 
ADVERTISING Dept. 
WINCHESTER 
ELECTRONICS 
Gh adele 
400 Park Road, Watertown, CT 06795 
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MOSFETs, and optoelectronic de- 
vices. 

Hitachi America Ltd, Semicon- 
ductor & IC Div, 2210 O’Toole Ave, 
San Jose, CA 951381. | 
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Handbook features PC-based 
data-acquisition products 


The data-acquisition and instrumen- 
tation special edition of The IBM 
PC Enhancement Handbook for 
Scientists and Engineers includes 
tutorial information and descrip- 
tions of products and systems for 
data acquisition, instrumentation 
control, and process control based 
on the IBM PC, PC/XT, and PC/AT. 





The instrumentation section of the 
handbook covers such topics as con- 
trolling instruments through use of 
the IEEE-488 bus or through serial 
communications (RS-282C, -422, 
and -485). It also provides descrip- 
tions of hardware and software 
products that allow you to convert 
the IBM PC to various laboratory 
instruments. The data-acquisitions 
section of the handbook includes in- 
formation on systems and compo- 
nents for both local and remote ap- 
plications. $9.95. 
CyberResearch Inc, Box 9565, 
New Haven, CT 06536. . 
INQUIRE DIRECT 





Voltage-regulator catalog 
covers five categories 

This voltage-regulator catalog pro- 
vides specs, schematics, and appli- 
cations information on the compa- 
ny’s regulators. The multicolor 


publication details products in port- 


able, bench, wall-, rack-, and pan- ’ 


el-mount versions. In addition, it 
describes how the standard units 
can be altered and provides informa- 
tion on custom items. 
Technipower, Box 222, Com- 
merce Park, Danbury, CT 06810. 
Circle No 465 





SOT-23 parts highlighted 

This 270-pg technical handbook, 
which covers the manufacturer’s 
SOT-23 transistors and diodes, pro- 
vides both general information on 
the SOT-23 package and product- 
specific information. The technical- 
data section provides fully charac- 
terized data on more than 140 
device types. The handbook also in- 
cludes a product index of JEDEC 
and Pro-Electron types, listing com- 
mercial and quality-assured parts. 





EPROM PRODUCTION EFFICIENCY: $995.00 





















14 DAY FREE TRIAL | 
OFFER 


within 30 minutes. 


vcCmargins 


e Isolates and displays the 
location of = failures 


LOGICAL DEVICES TT 
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GANGPRO-8 — meets time-critical 
production needs. This upgraded 
unit simultaneously programs 
eight EE/EPROMs with speed, 
reliability, and accuracy. Non- 
technical personnel can efficiently 
learn to operate GANGPRO-8 


e Programs 2716-27512, 27513 
(incl. A versions), 68764 & 87C64/128 


e Verifies at 4.75, 5.00,.and 5.25 








e Fast, intelligent algorithms 
e RS232 option for up/ 
download to any computer/ 
includes IBM PC software 
Compare features, compare 
price; then make the Logical 
choice. 


IT'S LOGICAL 


For details, write or call: 

1321 NW 65th Place ~ 

Fort Lauderdale, FL 33309; 
(305) 974-0967; 

toll free 800-331-PROM 

TELEX 383142 





Ow, 
esktop 
ranscewer 


vom 
NVUSU. 








MS555A Radio Communi- 
cation Analyzer 

The Anritsu MS555A puts ATE 
— for checking out radiotele- 
phones, FM transceivers, wire- 
less telephones and more — 
right on your desk. 

To begin with, this one compact 
unit is packed with the pro- 
grammable instruments you 
need for testing FM mobile 
radio; a 25 — 1000MHz signal 
generator that’s perfect for 
checking out narrowband 
AQOMHz and 900MHZz systems. 
A frequency counter (1O0Hz — 
1OQOMHZz), FM deviation meter, 
and AF level meter. An RF power 
meter handles up to 60 watts 
CW, and there’s also an AF 








oscillator. There’s even an auto- 
ranging ImV to 50V DC volt- 
meter. 

But the best part is that all this 
can be controlled automatically. 
You simply tell the Analyzer 
what tests you want performed. 
Then press the START key. 

The internal microprocessor 
handles everything from then 
on; the entire sequence is per- 
formed automatically. It’s held in 
memory, too, SO you can make 
the same tests over and over 
again, if you like. Add the op- 
tional printer to get hard-copy 
convenience. 

Field use? Of course. GPIB 
option? You bet. Want to learn 
more? Contact Anritsu. 


ritsu 


WE'RE ON THE MOVE. WORLDWIDE. 


ANRITSU CORPORATION 10-27, Minamiazabu 5 chome, Minato-ku, Tokyo 106, Japan Phone: (03) 446-1111 Telex: 0-242-2353 ANRITSU ELETRONICA S.A. Av. Passos, 91-Sobrelojas 204/205-Centro, 
20.051-Rio de Janeiro-RJ, Brasil Phone: 221-6086, 224-9448 Telex: 2131704 ANBR ANRITSU AMERICA, INC. 128 Bauer Drive, Oakland, NU 07436, U.S.A. Phone: 201 337-1111 Telex: 642-141 ANRITSU OKLD 
ANRITSU EUROPE LIMITED Thistle Road, Windmill Trading Estate, Luton, Beds, LU1 3XJ, U.K. Phone: (STD0582)418853 Telex: 826750 ANRSEU G ANRITSU ELEKTRONIK GmbH Uhlandstrasse 9, 4000 
Dusseldorf 1, F.R. Germany Phone: (0211) 682424 Telex: 8584904 
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Short-form selector tables that 
group devices by application are 
provided. A section on quality and 
reliability and a description of tape- 
and-reel specifications conclude the 
treatment. 

Ferranti Electric, Semiconduc- 
tor Div, 87 Modular Ave, Commack, 
NY 11725. 
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Opening 
the door is not as 
hard as you think. 


You've heard that surface-mount 
technology is complicated, mys- 
terious, frightening, expensive to 
get underway .. . and absolutely 
essential if you're going to compete 
with the smaller, better performing, 
lower cost electronic products that 
are being designed today. 

But, don’t despair. Now there's a 
one-stop surface-mount technology 
center: Interplex Technologies. 
We'll eliminate the complication, 
mystery, fear and most of the 
start-up expense of SMT for you, 
quickly and cost-effectively. 

Our product lines include stan- 
dard and custom memory modules, 
interconnects for changing LCCs 
to leaded chip carriers to eliminate 
TCE, and complete Type |, Il, and 
Ill SMT assemblies. In addition, we 
offer comprehensive design, proto- 
typing, and testing services, plus 


Handbook offers 102 
linear-IC ideas 


Circuit Ideas for Linear ICs, a 
34-pg handbook, offers 102 circuits 
based on linear ICs and MOSFETs. 
The handbook is divided into nine 
sections of ideas that can be applied 
to industrial and consumer equip- 
ment. Included are sections on tim- 
ing, measurement, modulation, 





the capability to supply small, 
medium, and large production 
quantities. When you're ready for 
in-house manufacturing, we'll 
assist you in developing the most 
efficient systems and even provide 
specialized automated assembly 
equipment, if you need it. 

We'll make opening the door to 
SMT easier and less costly than 
you think. Call us for some straight- 
from-the-shoulder talk. 

Contact Walter Bailey, Interplex 
Technologies Corporation, 381 
Park Street, Hackensack, New 
Jersey 07602; 201/343-3156. 


a™ 


fintterpoltexx 


Technologies 


An Interplex Industries Company 
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power control, data conversion, 
communications, alarm monitoring, 
and other topics. A schematic illus- 
trates each circuit, and a description 
of the circuit’s function is provided. 
RCA Solid State Div, Box 2900, 

Somerville, NJ 08876. 
Circle No 467 


Guide aids 
in network planning 


This planning and _international- 
standards guide aids designers who 
use the manufacturer’s local- and 
wide-area network products. The 
guide features planning information 
on Primenet, a distributed net- 
working facility that provides local- 
and wide-area networking for all of 
the company’s systems. Also 
provided is information on Ringnet, 
a local-area network, and guidelines 
on international LAN standards. 
The 16-pg guide is illustrated with 
schematics and charts. 

Prime Computer Inc, Sales 
Leads Group, M/S 15-60, Prime 
Park, Natick, MA 01760. 

Circle No 468 


Guide lists southern 
California businesses 


Details of more than 2700 high-tech 
companies are included in the first 
edition of Rich’s High-Tech Busi- 
ness Guide to Southern California. 
The guide, a sister publication to 
the Silicon Valley edition, provides 
the names of key executives, ad- 
dresses, phone numbers, year es- 
tablished, product descriptions, and 
number of employees. Also included 
are more than 20 maps of areas 
between San Diego and Santa 
Barbara. $98.50 includes shipping; 
in CA, add $6.65 sales tax. 
Business Directories Inc, 101 
First St, Suite 426, Los Altos, CA 
94022. 
INQUIRE DIRECT 
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The Casio fx-7000G $79.95 It’s the 

world's first programmable scientific 

calculator with a graphic display. The 

only calculator that can give form to 

your figures, instantly drawing graphs 

that represent your formulas and 

calculations on its big LCD screen. 
And with a screen measuring 16 

characters by 8 lines, the fx-7000G 

can display enough informa- 

tion for some of your big- 

gest ideas. The formula 

or graph can then 

be stored and, 

when needed, 





brought back for an instant replay. 
The fx-7000G has 82 scientific 
functions—including linear regres- 
sion, standard deviation, as well as 
binary, octal and hexadecimal calcu- 
lations—making it useful in virtually 
any scientific or technical endeavor. 
In fact, without requiring com- 
puter knowledge—or costing com- 
puter dollars—the fx-7000G, 
with its 422 step memory, 
| performs many func- 
tions you'd otherwise 
find only on a computer. 
There's ample evi- 








& 


dence of Casio's high-tech leadership 
throughout our entire line of scien- 
tific calculators. Our smaller-screen 
fx-6000G, for example, offers many of 
the features of our fx-7000G at even 
a smaller price. 

If you have any doubt as to who's 
the leader in high-tech calculators, 
simply pick up an fx-7000G and draw 
your own conclusions. 

For more information call 1 (800) 
993-3338 Ext 17. 


CASIO. 


Where miracles never cease 





Casio, Inc. Consumer Products Division: 15 Gardner Road, Fairfield, N.J. 07006 
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Because the data your products 
will handle is priceless, Toko never 
shortcuts quality. Our automated 
assembly and 100% testing assure 
you of the highest reliability at the 
lowest possible cost. 


0 Available in SIP, DIP and SMT 
packages. 

UO) Transfer-molded epoxy resin 
package provides superior 
environmental protection. 

O Each delay line meets rigid 
quality control standards—100% 
testing with seven separate 
inspections during manufacture. 

C1 Lumped Constant Delay Line 
and IC are integrated into one 
package for simplified design 
and assembly. 

0 Backed by Toko...one of the 
world’s largest delay line 
manufacturers. 

OTotal delay times from 100 
pico seconds up to 7 micro 
seconds +5%. 

0) Inout/output buffering equivalent 
to 74SO4 (TIL compatible). 

Abroad range of delay values are 

available. For a free catalog, 

sample and application 
information contact 

Toko America today. 


TOKO 


TOKO AMERICA, INC. 


1250 Feehanville Drive 
Mount Prospect, Illinois 60056 
(312) 297-0070, TELEX: 724372 

FAX (GIll): (812) 699-7864 
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Engineered With Vision 


Built With Care 


POWER-SONIC, a leading manufacturer of rechargeable batteries, offers a 
complete line of both sealed lead-acid and nickel-cadmium batteries, 
engineered to meet the toughest specifications. State-of-the-art design, 
meticulous quality control and time-proven performance are the reasons 
why engineers are specifying POWER-SONIC batteries; competitive prices 
and an outstanding track record for product reliability and on-time delivery 
have convinced buyers. For more information or a copy of our catalog, 


contact: Yell 14; exe) om erey:1-16);7 Wael 
3106 Spring Street, Redwood City, California 94063 USA (415) 364-5001 
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SEALED RECHARGEABLE BATTERIES 
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DID YOU KNOW? 


1986 marks EDN’s 


three decades of dedication to the 
electronics industry. 


EIDIN 
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1-hour r nitric acid porosity test 


ROBEX" plated contact (30, pin — 
_ Contact resistance remains constant. - 
‘Header pin remains bright, shiny, 
free from corrosion of base metal. 


GOLD plated contact (30 in.) 
Contact resistance goes up because 
porosity of gold plating allows 
corrosion product from base metal 
to migrate to surface. 


New ROBE’ plating puts gold to shame 
in punishing IDC connector reliability tests 


Get ready to change your mind about 
the best way to achieve solid connector 
reliability. Gold is no longer the ultimate 
answer. These microphotos reveal sur- 
prising facts about the damaging porosity 
of gold plating. They also show how the 
non-porous nature of the revolutionary 
new Robinson Nugent ROBEX™ 
palladium-nickel plating system offers 
a higher degree of connector reliability 
than gold will ever provide. Levels of 
reliability and stable contact resistance 
heretofore obtainable only through the 
use of high cost, thick gold plating can 
now be achieved with this new 
ROBE X" plating system. 

This new ROBE X™ plating system 
minimizes porosity, increases environ- 








10 vin. ROBEX™ OUTPERFORMS 
30 1 in. GOLD 


mental corrosion resistance, increases 
wear resistance and improves 
solderability. 








MAKE THE CHOICE! Decide now to 
realize the advantage of the plating 
technology of the future. Call Robinson 
Nugent and ask us about ROBEX” 
We'll send you a detailed technical bro- 
chure on this new revolutionary RN 
ROBEX*”™ plating system. 
You may never specify costly 
gold plating again! Contact: 
Robinson Nugent, Inc. 800 E. 
Eighth St, New Albany, IN 
47150. Phone: (812) 945-0211. 
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Robinson 
Nugent” 


800 East Eighth Street, New Albany, Indiana 47150 = Phone: (812) 945-0211 
In Europe: Rue St. Georges 6, CH 2800 Delemont, Switzerland = Phone: (066) 22 98 22 
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MARKET FORE 








CASTS 








Telecommunications Integrated 
Circuits (#659). 157 pgs; $1650; In- 
ternational Resource Development 
Inc, 6 Prowitt St, Norwalk, CT 
06855. 

This report covers more than 50 
major competitors in the communi- 
cations-IC market, including Japa- 
nese and European chip manufac- 
turers. The report, which predicts a 
30% growth rate for this market 
during the rest of the decade, ana- 
lyzes technologies such as gallium 
arsenide and silicon compilation and 
also takes in to account Integrated 
Services Digital Networks (ISDN). 
The satellite- and military-equip- 
ment markets are already using 
chips designed in GaAs, but this 
report speculates that applications 
of this technology are just begin- 
ning to surface. 


Strategic Issues in Automated 
Production: The Challenge of 
Robotics and Computer Inte- 
grated Manufacturing, by Tony 
Owen. 95 pgs; $50; Manufacturing 
Technology Press Inc, Box 206, 
Lake Geneva, WI 538147. 

With an assessment of the state of 
the art in computer-integrated man- 
ufacturing, this report discusses the 
economic future of robotics and 
computer-integrated manufacturing 
based on their strengths and weak- 
nesses. The report analyzes world- 
wide industrial trends and their im- 
pact on current and future 
computer-integrated manufactur- 
ing. It includes information on auto- 
mation, robot technology, vision 
systems, CAD/CAM, and the eco- 
nomics of the market. 


Digital Signal Processor (DSP) 
Market Report. $500; Business De- 
velopment Group Inc, Box 3044, 
Stanford, CA 94305. 

This report offers a review of the 
DSP market, products, competi- 


360 


tion, and technology, giving market 
forecasts and estimated competitive 
market share for the period be- 
tween 1985 to 1990. It discusses 
advances in chip technology that, 
combined with the rising density 
and speed of VLSI circuits, is creat- 
ing a new generation of digital sig- 
nal processors. The success of the 
DSP market is based on the signifi- 
cant benefits and cost performance 
that these products provide in a 
wide range of real-time applica- 
tions. The report places the prod- 
ucts in seven categories: single-chip 
processors, specialized circuits, 
building-block circuits, data-flow 
and systolic-array devices, chip- 
sets, boards, and development 
systems. 


Multiuser »C Systems Market 
Through 1990. $2450; Venture De- 
velopment Corp, Box 9000, Natick, 
MA 01760. 

This report examines the US 
market for multiuser Cs and LAN- 
based systems through 1990. It dis- 
cusses strategic guidelines and rec- 
ommendations for qualifying OEMs 
and VARs, how to select vertical 
markets, and how to develop an 
effective promotional marketing 
program. Results are based on a 
nationwide survey of OF Ms/VARs 
and corporate users of multiuser 
systems, in which questions about 
wC-feature preferences, marketing 
and service requirements, vertical 
market applications, and future pur- 
chasing plans were asked. Profiles 
and competitive positions of 50 
major industry participants are in- 
cluded. 


Connector Industry Forecast II. 
1600 pgs; $15,000; Gnostic Concepts 
Inc, 951 Mariner’s Island Blvd, 
Suite 300, San Mateo, CA 94404. 
This report focuses on US con- 
sumption of 85 distinct types of con- 


nectors, along with future market 
and technological directions for each 
connector type. Connector con- 
sumption is divided into 51 catego- 
ries of electrical/industrial and elec- 
tronic equipment producers with 
company profiles of 67 US and for- 
eign connector and IC-socket manu- 
facturers. The report describes the 
technological outlook for high-densi- 
ty designs, the impact of surface- 
mount technology, connector appli- 
eations for EMI/RFI, and new 
materials used in manufacturing 
connectors. A fiber-optics update is 
also included, along with a 2-volume 
database, which presents. value, 
quantity, price, and input/output co- 
efficients by connector type for the 
1984 to 1990 forecast period. 


Optical Memory’s Impact on Mag- 
netic Storage and Computer Sys- 
tems Architecture. $1250; Elec- 
tronic Trend Publications, 10080 N 
Wolfe Rd, Suite 372, Cupertino, CA 
95014. 

This report focuses on the devel- 
opment of optical data-storage tech- 
nology and examines trends in CD 
ROM, write-once, read-many opti- 
cal disk players and systems, and 
various types of erasable optical- 
disk products. The report reviews 
the problems that each optical tech- 
nology must face and solve in order 
to become established; it also dis- 
cusses the issues that have impeded 
the technology’s growth in general. 
The study investigates current opti- 
cal applications that represent at- 
tractive alternatives to paper-based 
and magnetic storage-based sys- 
tems already in use. In addition, the 
key manufacturers who are shaping 
the market are discussed. 
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SWITCH MODE 
MADE SIMPLE 

















With Coilcraft pre-engineered magnetic 


components and experimenter’s kits 


Coilcraft makes building your own off-line switching power 
supplies and DC-DC converters easier than ever. 

We're the single source for a/l your switching magnetics. 
And we're ready to help you at every step, from prototype 
right through to production. 

Start with our handy experimenter’s kits that put a 
wide range of component values at your fingertips. We not only 
provide detailed application notes, but Coilcraft engineers 
are as close as your phone, ready to help you solve any 
design problem. 

As you move into production, you'll enjoy big cost savings 
thanks to our standardized configurations and our domestic 
and off-shore production capabilities. 

For our latest switch mode magnetics catalog, circle the 
reader service number below or call Coilcraft at 312/639-6400. 


Dept. D, 1102 Silver Lake Rd., Cary, IL 60013 
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EXPERIMENTER’S KITS Be 
To order call 312/639-6400. ss. & 


Common Mode Line Chokes 
Current: %-9 amps RMS 
Inductance: 508 yH-10.5 mH 

8 styles, 2 each 

KitP202 $100 


Current Sensors 
Sensing range: 0.5-35 amps Current: 7, 5 amps 

Freq. resp.: 1-700 kHz, 50-400 Hz Volt-time product: 42-372 V-ysec 
Transformer and sensor-only versions 6 styles, 2 each 

8 styles, 15 total pieces KitP206 $100 


KitP203 $90 Power Switching Trans. 
Base/Gate Driver Trans. Coilcraft offers a variety of 
Inductance: 7.5 mH Min. configurations with single and 
Frequency: 10-250 kHz multiple outputs, and power 

2 single, 2 double section, 2 each ratings up to 800 W. For samples, 
KitP204 $50 please call 312/639-2361. 


Power Filter Chokes 
Current: 3, 5, 10 amps 
Inductance: 5-300 pH 
18 styles, 48 total pieces 
KR F205 $75 





Mag Amp Toroids 


312/639-6400 
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NEW BOOKS 





The Professional Microcomputer 
Handbook, by Ivan Flores. 881 pgs; 
$49.95; Van Nostrand Reinhold Co 
Inc, New York, NY, 1985. 

After an overview of microcom- 
puters, this book presents a tutorial 
on four aspects of the subject: hard- 
ware, operating systems, program- 
ming, and application packages. 
Each section defines technical 
terms, explains how various mecha- 
nisms and programs work, and com- 
pares competitors’ features. All 
types of personal computers are cat- 
alogued according to the size of 
their memory, their software, and 
their control systems. The comput- 
ers’ printed-circuit boards are also 
detailed. Further, design and cod- 
ing with detailed instruction about 
MBasic and Basica, Pascal and PL/I 
are included. A general discussion 
on operating systems is supple- 
mented by specific information on 
CP/M, PC-DOS, and MS-DOS. 


Inside the Technical Consulting 
Business: Launching and Build- 
ing Your Independent Practice, by 
Harvey Kaye. $19.95; John Wiley & 
Sons Inc, New York, NY, 1986. 
This book defines consulting and 
describes what you must do to be- 
come a good technical consultant. 
The author explains how you can use 
your abilities and skills to be a suc- 
cessful consultant, and he gives 
marketing tips to assist you to that 
end. A self-appraisal quiz is in- 
cluded to help you decide if consult- 
ing is the right career for you. 


Patenting and Marketing Your In- 
vention, by Bernard Rivkin. $34.95; 
Van Nostrand Reinhold Co Inc, 
New York, NY, 1986. 

This guide provides the legal and 
business information that inventors 
need to know in order to protect 
their products. It contains facts on 


the legislation governing the protec- 
tion of ideas, including the Presi- 
dential order of November 1984; fee 
schedules for patents and trade- 
marks are listed. Other topics in- 
clude patent searches, selecting pat- 
ent attorneys and agents, the 
licensing and sale of patents, and 
guidelines on how to get a patent for 
your computer software. It dis- 
cusses financing and developing an 
invention, including information on 
venture capital, research and devel- 
opment tax, and R&D limited part- 
nerships. An appendix lists useful 
sources and services, completed 
patents, and trademarks. 


The C Primer, by Les Hancock and 
Morris Krieger. 2nd ed; 3038 pgs; 
$17.95; Byte Books/McGraw-Hill, 
New York, NY, 1986. 

This book examines the various 
features of the C language, demon- 
strates how to read and write pro- 
grams written in this computer lan- 
guage, and shows how C can be used 
as an alternative to other high-level 
languages. This second edition con- 
tains information on bit fields and 
masks, functions that operate on 
single bits, and the development of 
a line-by-line sorting program. The 
book also contains extended treat- 
ment of subjects such as pointers, 
the C preprocessor, structures and 
unions, and the file I/O. Included 
are 129 complete program examples 
in C, 


Contemporary Electronics Cir- 
cuits Deskbook, edited by Harry L 
Helms. 253 pgs; $29.95; McGraw- 
Hill Book Co, New York, NY, 1986. 

This reference guide is a compila- 
tion of circuit designs and applica- 
tions from recent electronics maga- 
zines, application notes, and data 
books. Each circuit diagram was 
reproduced directly from the origi- 
nal source. Topics examined include 
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Look at What Lundy & Design Graphix" 
Are Doing to PC-Based CADD. 


Generate a design on the Lundy 
3000 workstation and then compare 
it to a PC-based system. The dif- 
ferences may well amaze you. 
Lundy 3000 displays your work with 
a resolution that’s simply unattain- 
able with PC-based systems. 


Less Strain on Engineers 


The sharpness and clarity of the 
Lundy 3000 permit very detailed, 
high quality design with less strain 
on your engineers. This results in 
overall productivity increases for you 
and your design staff. Lundy 3000 is 


ideal for those who can benefit from 
a graphics system but are reluctant 
to invest the large sums of money 
required for advanced systems. 


Makes PC’s Look Like Toys 


When packaged with ESC’s Design 
Graphix™ software, Lundy 3000 
becomes an advanced, low cost 
CADD system with a level of respon- 
siveness that can make PC-based 
systems look like toys. The flexible, 
high performance capabilities of 
Lundy 3000 make it very hard to 
grow out of. And that’s a serious 


DESIGN GRAPHIX™ is a trademark of Engineering Systems Corporation, Baton Rouge, Louisiana. 
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consideration when purchasing a 
graphics system. 

So if you’re looking for a graphics 
system that’s low in cost yet high on 
performance, look to the Lundy 
3000 and see how inexpensive 
quality graphics design can be. 
Contact: Graphics Marketing 
Lundy Electronics & Systems, Inc. 
One Robert Lane, Glen Head, 

N.Y. 11545. (516) 671-9000. 

ane 
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LUNDY 


LUNDY 
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NEW BOOKS 











transmitters and receivers, audio 
circuits, test and measurement, 
video and television, digital circuits, 
automotive circuits, and telephone 
circuits. It provides circuit designs 
for such applications as frequency- 
synthesis circuits, single-sideband 
circuits, timer circuits, modem cir- 
cuits, voltage-regulation circuits, 
and optoelectronic circuits. Descrip- 
tive paragraphs for each circuit give 
component values, construction 
tips, and restrictions on use. 


International CAD/CAM Software 
Directory, edited by Philip C Flora. 
180 pgs; $385; Technical DataBase 
Corp, Conroe, TX, 1986. 

This directory provides a detailed 
technical description of manufactur- 
ing and engineering graphics pack- 
ages. Some of the applications cov- 
ered include data acquisition, 
engineering calculation, inventory, 
computer-aided design, manufac- 
turing management, operating effi- 
ciency, and computer-aided manu- 
facturing. Each listing includes 
information such as the required 
hardware and software environ- 
ment, minimum memory require- 
ment, list price, documentation 
provided, availability of updates and 
source code, warranty policy, tech- 
nical support provided, and delivery 
time. A glossary of terms and two 
indexes, one by application and one 
by vendor, are also included. 


Patent It Yourself, by David Press- 
man. 421 pgs; $24.95; Nolo Press, 
Berkeley, CA 94710, 1985. 

This step-by-step guide shows 
you how to obtain an effective US 
patent. It includes an overview and 
comparison of patent, copyright, 
trademark, and trade secret laws. 
The book also contains information 
on how to assess the commercial 
potential of an invention, the specif- 
ic criteria used by the US Patent 
Office for granting a patent, and 





how to draft and file a complete 
patent application. This book will 
also tell you how to enforce and 
maintain your patent. 


Software Engineering Handbook, 
by the staff of General Electric Co. 
224 pgs; $59.50; McGraw-Hill, 1985. 
How to develop software syste- 
matically, document it during devel- 
opment, and improve its quality are 
some the topics of this book. It 
contains advice on how to plan, esti- 
mate, budget, and schedule soft- 
ware engineering, and how to apply 
up-to-date techniques to each phase 
of the process. Topics covered in- 
clude defining the scope of a project, 
analyzing the functions and perfor- 
mance requirements, developing 
both an architectural representation 
and a procedural representation of 
the software, and using a program- 
ming language to transform the de- 
sign representation into a function- 
ally equivalent program. The book 
also outlines how to test software 
for latent defects and how to vali- 
date the software against the re- 
quirements. A section on small proj- 
ects explains how to abbreviate 
some steps in the engineering pro- 
cess and shorten the necessary doc- 
umentation for smaller projects. 
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There’s a name 





P.O. Box 339 
a East Johnson Avenue 
| . Cheshire, CT 06410 
Exclusive Canadian Agent: Sonnenschein (203 971-0091 


Duracell, Inc., Mississauga 
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QO K you're a design 
ede, engineer 
with more than your 
share of dragons to slay 
day in and day out. 

You want design flexibil- 
ity. You want power range. You 
want a standard of reliability second 
to none. And you want a power supply 
company that’s been around the block. 

Quite simply, you want us. 

We're Astec. And we've been in the 
rigors of the switching power business 
for over ten years. We've sold over 9 
million switching power supplies to 
heavyweights in the computer, tele- 
communications and office automation 
industries. 










And yes, while 9 million is 
a nice round number, we 
at Astec see our role as 
more than simply ship- 

ping a lot of product. 

We’re here to work right along 
with your specific requirements by 
providing over 30 standard models 
ranging from 25 to 400 watts and 
custom power supplies from 25 to 
1500 watts. 

And reliability? Well, to be honest, 
this is where we really shine. 

Our incredible low product failure 
rate is the result of outstanding quality 
assurance. You'll find there’s an aver- 
age of 80,000 hours of mean-time- 
between-failures (MTBF) and less 








{ 





re 

















than .3% field failure rate with zero 
defects as the final goal. 

So when you're ready for a company 
that’s setting the standard in power 
supplies, a company that acknowl- 
edges the importance of power range 
and design flexibility, a company that’s 
here to stay, simply call Astec at 
(408) 748-1200 or the distributor 
nearest you. 

We’ll show how to slay your design 
dragon. 





ASTEC USA 

2880 San Tomas Expwy., Suite 200 
Santa Clara, CA 95051 

(408) 748-1200 


ASTE 


A BSR COMPANY 


Power Is Only Part Of It. 









a / 
i : , 
! Ng i Hf, i/ a f a ee. 
: S\N NY MA Sige 
iit ‘bby TZ A S a a ms sae! — 














PROFESSIONAL ISSUES 








Employees find their pension benefits 


often add up to unkept promises 


Deborah Asbrand, Staff Editor 


At first glance, private businesses’ 
pension funds appear to be over- 
flowing with money. The assets of 
private pension funds in 1984 to- 
talled nearly $1 trillion, according to 
the Employee Benefit Research In- 
stitute, a Washington, DC, research 
organization. And new money con- 
tinues to stream into the funds at a 
staggering rate: The Department of 
Commerce’s Bureau of Economic 
Analysis estimates that, in 1984 
alone, companies contributed $68 
billion to their employees’ pension 
funds. 

With billions of dollars flowing 
into pension coffers each year, it 
would seem that all employees who 
qualify for a pension would be well 
provided for. Yet nothing could be 
further from the truth. Tearing at 


the fabric of conventional retire- — 


ment plans are social, economic, and 
political changes that have strained 
the pension system to the point 
where it no longer meets the needs 
of many workers. 

The traditional retirement plans 
still in effect at many companies 
have become dusty relics, reflecting 
the work habits of a work force that 
has long since changed. Structured 
to reward long-time employment 
with one company, the plans have 
proven inadequate in providing a 
comfortable retirement income for 
employees who work for several em- 
ployers throughout their careers. 

Conventional retirement plans 
credit employees with a percentage 
of their salary for each year they 
work for the company. To take a 
simple example, employees in a pen- 
sion plan might be credited with 
14%2% of their salaries for each year 
they worked for their company. An 
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employee who worked for an em- 
ployer for 40 years consequently re- 
ceives a pension that equals 60% of 
one year’s average salary. Typical 
pension plans are actually more 
complex, factoring in what are re- 
ferred to as “career averages” or 
“final averages” to determine the 
benefit. 

When workers spent their entire 
careers with one company, they 
were able to fulfill their employers’ 
vesting requirements to qualify for 
a pension. But employees today 
rarely spend their careers working 
for one employer. And even if they 
are fortunate enough to work for 
one employer long enough to qualify 
for a pension or become vested, 
many workers find that inflation has 
eaten away at the money that was 
set aside for them, leaving them 
with a benefit much smaller than 
they had anticipated. In addition, 
improved health care has extended 
average life spans so that more peo- 


ple now live to retirement age and 
beyond. A longer life span means a 
pension that’s effectively smaller by 
being distributed over more years. 

Although private businesses are 
not required to provide pension 
plans for their employees, most do 
offer some kind of retirement bene- 
fits. To take the electronics industry 
as an example, more than 87% of 
respondents to the IEEE 1985 US 
Member Salary and Fringe Benefit 
Survey said they worked for em- 
ployers who provide pension cover- 
age. Companies keep a watchful eye 
on the balance sheets, however, and 
are usually reluctant to bear the 
costs incurred by expanding their 
retirement plans to meet changing 
conditions. As a result, legislative 
reforms that would aid workers are 
strongly opposed by industry lobby- 
ing groups. 

Business groups view their volun- 
tary participation in a pension plan 
as laudable, says Ann Moss, deputy 
director of the Pension Rights Cen- 
ter in Washington, DC. Conse- 
quently, they take a dim view of any 
federal attempts to regulate private 
pension funds. “If the government 
forces them to make too many 
changes that they consider expen- 
sive,” says Moss, they threaten to 
eliminate their plans. 


Widespread corporate abuses 


Inflation, improved health care, 
and frequent changes in employ- 
ment are not the only factors that 
conspire to erode workers’ pension 
benefits. Long a target for corrup- 
tion, wealthy pension funds have 
become the subject of widespread 
corporate abuses in recent years, to 
the detriment of many workers. A 
current practice that has caused 
alarm among workers and govern- 
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ment officials is for companies to 
close down their employees’ pension 
plans to gain access to interest 
earned on the funds. 

When the stock market and inter- 
est rates began to soar in the early 
1980s, many pension funds swelled 
far beyond their projected sums. 
Plan sponsors saw the overfunded 
pension plans as a source of extra 
income for the company. But the 
law prevents an employer from 
gaining access to a pension fund’s 
so-called surplus assets unless the 
plan is terminated. So to fulfill their 
legal obligations, companies cancel 
the plan, buy annuities for the plan’s 
participants, and then pocket the 
remaining interest sums. 

The retirement plans that replace 
the cancelled plans often are based 
on individual contributions. In some 
cases, workers who were vested 
under the cancelled plans carry 
none of their vesting status into the 
replacement plans and have to begin 
accruing retirement benefits all 
over again. 

Such maneuvers are neither sanc- 
tioned nor prohibited by the Inter- 
nal Revenue Code, and companies 
have found a legal loophole. They 
can terminate plans when “erro- 
neous actuarial assumptions” have 
been made, and the burden is not on 
them to prove that actuarial as- 
sumptions are in error. The practice 
of terminating healthy plans, known 
as asset reversion, has become so 
widespread and attracted so much 
attention that the Department of 
Labor has appointed a task force to 
study the problem. The task force is 
expected to announce its recommen- 
dations this spring. 


Job mobility hinders EEs 


The problems engineers face in 
building retirement income are rep- 
resentative of those faced by em- 
ployees in many industry sectors. 
Ben Leon, former chairman of the 
IEEE Pensions Committee, sees 
engineers’ job mobility as their 
greatest obstacle in accumulating 
retirement income. Because many 
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engineers work for several employ- 
ers throughout their careers, they 
frequently do not work for one com- 
pany long enough to qualify for the 
traditional pension plan and 
begin earning retirement credits. 





Because many engineers 
work for several employers 
throughout their careers, 
they frequently do not work 
for one company long 
enough to qualify for the 
traditional pension plan. 


The 1974 Employee Retirement 
Income Security Act (ERISA) made 
some progress in reducing vesting 
requirements. Before ERISA was 
passed, vesting requirements at 
some companies stretched to 15 or 
20 years. ERISA mandates that em- 
ployees become vested in pension 
plans after no longer than 10 years 
with a company. 

ERISA was a boon to millions of 
workers. The Bureau of Labor Sta- 
tistics reports that in 1972, 32% of 
workers whose employers offered 
pension plans were vested in the 
plans; by 1983, that figure had risen 
to 48%. 

Still, despite ERISA’s improve- 
ments, Leon argues that 10-year 
vesting is too long for engineers. He 
points to an IEEE survey of its 
members that showed the average 
length of time an IKEE member 
works for an employer is seven 
years. During Leon’s tenure as 
chairman, the IEEE testified in 
support of 1-year vesting before a 
Senate committee on aging in June 
1985. 

In testimony he gave at the same 
hearing, engineer Ron Sprague re- 
lated to committee members the 
consequences of the direction his 
career has taken. “I have pursued a 
mobile career in engineering, hav- 
ing an average time per employer of 
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approximately five years... 
Sprague testified. “In each instance 
of employment change, I felt that 
the changes I made were necessary 
and desirable from a career perspec- 
tive. Unfortunately, the price my 
wife and I have paid for this mobili- 
ty is the forfeiture of opportunities 
to accrue substantive retirement 
benefits...” 


Defined-contribution plans 


Shortened vesting periods would 
qualify more engineers for the tradi- 
tional pension plans, known as de- 
fined-benefit plans, that credit em- 
ployees for each year they work for 
the company. But a better plan for 
engineers, says Leon, is the de- 
fined-contribution plan. 

Under the terms of a defined- 
contribution plan, an employee con- 
tributes a certain amount of money 
to the fund. But the plans’ rules 
vary: Some companies match a per- 
centage of the employees’ contribu- 
tions, some allow employees to 


choose among several investment 
options, and some permit employees 
to take all of the funds that accrued 
to their account when they leave, 
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while others require that the funds 
remain in the company’s account 
until the employee reaches retire- 
ment age. 

“The best thing for engineers and 
professionals would be a system 
whereby all pensions would be fully 
vested, defined-contribution plans,” 
Leon says. Vesting periods for de- 
fined-contribution plans are shorter 
than for typical pension plans—gen- 
erally two to six years, he says. In 
some cases, individuals have the op- 
tion of choosing to invest the money 
in stocks, low-risk mutual funds, or 
some combination of the two. 


Risks and uncertainties 


But there are disadvantages to 
defined-contribution plans. The 
funds are not insured, as defined- 
benefit plan funds are, by the Pen- 
sion Benefit Guaranty Corp. In ad- 
dition, the defined-contribution 
plans incur added uncertainty for 
employees because there is no for- 
mula with which to calculate the 
final sum. Upon retirement, there is 
no fixed monthly benefit, only a 
lump sum from which to draw on. 

Another disadvantage to defined- 
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contribution pension plans is that, 
at some companies, they are no 
more than the savings plans allowed 
by section 401(k) of the Internal 
Revenue Code. The 401(k) plans, as 
they’re known, allow employees to 
contribute a percentage of their 
pretax income to an account in their 
name. No taxes are paid on the 
money in the account until it is 
withdrawn. Although 401(k) plans 
provide an incentive for saving 
money, they can’t be considered 
true retirement plans because indi- 
viduals are allowed to borrow from 
the account after a specified amount 
of time. 

It is a misnomer for companies to 
institute 401(k) savings plans and 
refer to them as retirement plans, 
says Moss. The trend toward such 
“do-it-yourself” pension plans, she 
says, is one of the major problems 
facing pension participants. “The 
401(k)s are not pension plans; 
they’re tax shelters and savings 
plans,” says Moss. Jack Andresen, 
current chairman of the IEEE Pen- 
sions Committee, calls the use of 
401(k) plans as retirement plans “a 
perversion of the government’s pur- 


pose” in permitting the tax-free ac- 
counts. “If it’s going to be a true 
retirement plan, you can’t allow peo- 
ple to withdraw money, thereby 
making it simply a savings plan.” 


Pension-reform legislation 


Congress has two pension-reform 
bills before it, one of which ad- 
dresses the problem of 401(k) plans 
that masquerade as retirement 
plans. A bill sponsored by Senator 
John Heinz (R-PA) and Congress- 
man William Clay (D-MO) would 
eliminate the option of withdrawing 
money from a 401(k) account that is 
intended to be a retirement plan. 
The bill would also shorten the vest- 
ing period from the current 10-year 
limit to five years. 

The Heinz-Clay bill also targets 
the problem of pension integration. 
Integration is the practice of calcu- 
lating an employee’s estimated So- 
cial Security benefits and then de- 
ducting that amount from the 
private pension benefit. In some in- 
stances, individuals have had their 
entire pensions eliminated by inte- 
gration. The Heinz-Clay bill would 
limit Social Security integration to 
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50% of an employee’s pension. 

The second piece of pension-re- 
form legislation, sponsored by Con- 
gresswoman Barbara Kennelly 
(D-CT), also calls for 5-year vesting 
and limits integration practices. In 
addition, the bill breaks some 
ground in allowing employees to 
take their accrued pension benefits 
with them when they leave their 
employers. Kennelly’s bill would 
allow an employee to take pension 
benefits of at least $7000 and place 
them in a tax-free Individual Re- 
tirement Account. The concept of 
making pension funds “portable” 
begins to address the needs of mo- 
bile employees and thus has gained 
support from many professional 
quarters, including engineering. 

Calling the bills “a step in the 
right direction,” Andresen says 
they still fall short of a solution. He 
discounts the impact portable pen- 
sions will have on the futures of 
engineers. “Engineers are mobile, 
it’s true. But even if you haven’t 
been mobile, if you’ve merely 
changed jobs once in your career, 
then you get a fraction of what you 
would have received had you stayed 
with one company.” Inflation is the 
real culprit, Andresen believes. He 
would like to see Congress pass 
legislation that would require pen- 
sion-plan sponsors to incorporate a 
mechanism into their calculations 
that would adjust participants’ pay- 


ments upward to account for the 
effects of inflation. 

“A pension is deferred compensa- 
tion, not a discretionary benefit con- 
ferred by the company,” he says. 
“There is no place for plans that 
discriminate against”? employees 





“Belatedly, many engineers 
ave finding that when tt 
comes to retirement, they 
may be without benefits un- 
less they’ve been investing on 
thew own.” 


who become vested and then leave 
the company. As current salaries 
and wages are adjusted for infla- 
tion, so too should the past earnings 
of vested beneficiaries, he reasons. 

Even if Congress passes legisla- 
tion that requires companies to re- 
structure their pension plans, engi- 
neering representatives agree that 
engineers’ best defense against find- 
ing themselves with little or no re- 
tirement income is their own knowl- 
edge of how pension plans work. Yet 
there are no two ways about it: 
Understanding how pensions work 
takes a great deal of effort. The 
subject of pensions is a boring one to 
many people. It involves complex 
mathematical calculations and dry 


_ Guides to evaluating your pension status 
_ More information on pensions is available in the following publica- 
| tions: 
© How to evaluate your - pension plan IEEE Catalog N umber 
i. -UH0161-0), IEEE Service Center, 445 Hoes Lane, ~ 

_ Piscataway, NJ 08854. lad for IEEE members, $4 for non- 


members. 


Pension Facts, Apericas: Comal of Life Insurance, Informa- | 
tion and Reference Services, 18 K St NW, Waser Lene | 


20006. (202) 862-4000. 


| a @ A guide to understanding oe pension plan, Pension one 
a 1701 K St NW, — DC 20006; (202) 296-3778. $3. 
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discussion about vesting, benefits, 
interest rates, and annuities. Con- 
sequently, it’s not hard to under- 
stand why many employees are un- 
aware of how they will fare under 
the present system. 

“Of those [engineers] under age 
50, 75% don’t understand the pen- 
sion system,” Leon estimates. 
“There’s no question that self-edu- 
cation would ease the problem. It 
takes some work to understand your 
pension. It’s a very complex issue; 
corporations, banks, and insurance 
companies have experts who work 
full time on pension issues.” Leon 
confesses that he had been a vested 
participant of his own pension plan 
for 10 years before he took the time 
to assess it, and he did so only then 
because he was required to make 
some investment choices at the 
time. 

“Belatedly, many engineers are 
finding that when it comes to retire- 
ment, they may be without benefits 
unless they’ve been investing on 
their own,” says Bob Neuman, 
chairman of the Engineers and Sci- 
entists Joint Committee on Pen- 
sions, which represents engineers 
and scientists from more than 20 
technical societies. 


Unkept promises 
Andresen says that one of his 
goals this year is to prevent more 
engineers from discovering too late 
that their employers’ retirement 
plans are “promises they cannot 
keep.” He has actively sought to 
educate as many engineers as possi- 
ble through articles he has written 
for the IEEE’s monthly newspaper, 
The Institute, and its magazine for 
engineering students, Potentials. In 
addition, he has given seminars on 
the basics of pension plans to audi- 
ences at the Wescon = and 
Southeastcon industry trade shows. 
EDN 
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CAREER OPPORTUNITIES 


1986 Editorial Calendar and Planning Guide 


Recruitment 

Deadline Editorial Emphasis Je 
Closing: 5/8 
Mailing: 5/20 
Apr. 18 Programmable Logic Devices; CAE; Communications Components; 


Optoelectronics 
May 2 Analog Technology Special Issue; Data Converters; Analog ICs 


May 16 Digital Technology Special Issue; Personal Computer Boards; Development Sys- 
tems (CAE-related*); Computer ICs; NCC Show Preview 

Closing: 6/19 

Mailing: 6/30 


May 30 CAE Systems; Communications ICs; Military Microcomputers; Semicustom IC 
Design (CAE-related*) 


June 13 Product Showcase—Volume I; IDs & Semiconductors; Hardware & Interconnec- 
tion Devices; Power Supplies/Sources; Software; Literature on Computers & 
Peripherals, Components, Test & Measurement Instruments, International 
Products 


June 27 Product Showcase—Volume II; Computers & Peripherals; Components; Test & 
Measurement Instruments; International Products; Literature on ICs & Semi- 


conductors, Hardware & Interconnection Devices, Power Supplies/Sources, 
Software 


Call today for information. 


East Coast Janet O. Penn (212) 576-8049 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (212) 576-8048 


CAREER OPPORTUNITIES WITH 
MICRON TECHNOLOGY 


Micron Technology, Inc., one of America’s foremost DRAM supplier, continues as a leader in 
new semiconductor designs, development and production. Our expansion in new product 
lines has created special career opportunities at our Boise, Idaho facility for professionals in 
the following areas: 


e ELECTRICAL ENGINEERS ¢ CHEMICAL ENGINEERS 

¢ MECHANICAL ENGINEERS ¢e PRODUCT ENGINEERS 
°TEST ENGINEERS ¢e PROCESS ENGINEERS 

°@ A ENGINEERS ¢ APPLICATION ENGINEERS 


¢ CHARACTERIZATION/DEVICE ENGINEERS ¢DESIGN & LAYOUT ENGINEERS 


e EQUIPMENT SUPPORT TECHNICIANS ¢e ASSEMBLY ENGINEERS 


For immediate consideration and confidential review, please forward your resume 
and salary history to: D. Keith 


Professional Recruiting 
MICRON Micron Technology, Inc. 
2805 East Columbia Road 
TECHNOLOGY, INC. Boise, Idaho 83706 
208/383-4038 
“‘We’re building our reputation on innovation.” 
An Equal Opportunity/Affirmative Action Employer 
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Sperry Salt Lake City, 
Communication 
Systems Division 








Living and worki ing at Shbiry! Salt Lake City enabies you to .- 
pursue almost every conceivable professional, recreational — 
i cultura! activity. Indeed, living in the heart of the majestic — 
Rocky Mountains, on the oe of the expansive western ” 
deserts, provides an unparaileled satisfying lifestyle. - 


If you are a U.S, citizen and have a BS, MS or PhD peerde 
or experience in any of the following areas an immediate - 
opportunity may be waiting for yOu. se 
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Radar Systems 
Laboratory 


Advanced Radar Systems 

¢ Perform conceptual design and analysis of 
advanced ground-based radars 

¢ Generate performance requirements, 
implement trade-offs, and engage in 
proposal preparation 


Receiver/Signal Processing 

¢ Design and test of analog/digital electrical 
Circuits 

e Task range from analog video circuits to 
microprocessor hardware/software 

¢ Involvement with CAD/CAT 


Antenna Design and Development 

¢ Design and development of wideband 
airborne antenna systems 

° ills types include phased array and 
ens 

¢ Familiarity with radar techniques for 
search, acquisition and track 


Missile Guidance 
Laboratory 


Microwave Circuit Design 

e Responsible for active circuits design, 
focusing on amplifiers and oscillators for 
L-Band and Ka-Band frequency range 

¢ Familiarity with microstrip, stripline, 
waveguide and microwave test equipment 


Missile Guidance Circuits 

¢ Development of integrated circuit 
computer models as used in analog low 
frequency devices 

¢ Familiarity with analog/digital circuits as 
used by servo control and low frequency 
electronics 
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Raytheon’s Bedford Laboratories 





Every Project Reflects Today’s 
State of the Art... 
And Defines Tomorrow’s. 


Reflection as a starting point. Followed by the definition of tomorrow's technological potential. 
Successful implementation of this process is the Catalyst to the Bedford Laboratories of 
Fortune-100 Raytheon’s Missile Systems Division's accelerating achievements in the research, 
design and development of highly sophisticated air defense systems. 


Just a few of our new, on-going and expanding programs include PATRIOT, AMRAAM, next- 
generation HAWK, Sidewinder, a new vertical launch Sparrow, and Maverick. All reflect our 
uncompromised commitment to maintaining our preeminent position through technological 
synergy. We know what we've done. We know what we can do. And we have the confidence of 
our ability to meet the many challenges we continue to set for ourselves. 


Digital Systems 
Laboratory 


Advanced Digital 
Computer Architectures 

¢ Design bite capability and define 

_ diagnostic hardware procedures 

e Use of CAE tools to design and test 

¢ Complex circuit design and prototype 
testing 


Digital Pipeline Processors 

e Lead implementation for design of MSI, 
LSI, VHSIC, gate array devices 

¢ Interface with Mechanical and Software 
Laboratories for breadboard testing to 
production 


ATE Digital Test Development 

e Subsystems functional test with Teradyne 
L200 automatic test station 

¢ Familiar with LASAR and test software 

¢ Support digital modules | 


Systems| 
Design Laboratory 


Radar/Surveillance Analysis 

¢ Develop logic and algorithms for search, 
detection and track processing for 
surveillance operations against targets in 
clear, clutter and ECM environments 


Guidance and Control Analysis 

¢ Perform analysis and simulation of missile 
flight control systems, seeker inertial 
Stabilization systems, and guidance 
algorithms 


Systems Software Requirements 

¢ Define software logic and algorithms and 
system architecture 

¢ Development of test plans 

¢ Support of system integration, test, and 
evaluation 





Mechanical 
Engineering 
Laboratory—CAD 


Electrical Checking 

Responsible for checking documents 
generated by the CADDS 4X system 
Qualifications include 5+ years 
experience in PC checking and/or design 
and an understanding of ANSI Y14.5M 
1982, DoD-D-1000, DoD-STD-100 and MIL- 
STD-275E 

Experience should also include: 
Continuity using Schematics, Sizing 
Components, Automatic Insertion, 
Electrical Assemblies, Interconnecting 
Diagrams, Single and Two-Sided PWB’s, 
Multi-Layer Boards, Net Lists, Stripline, 
Hybrids, Substrates, Ceramic Cards, 
Cables and Harnesses, and Flex Circuits 


PC Design 

These positions require 5+ years 
experience designing PWB’s and working 
knowledge of MIL-STD-275E 

Experience in/or familiarity with several of 
the following areas is highly desirable: 
CADDS 4X System, Multi-Layer Boards, 
Digitizing Formats, Stripline and 
Microstrip Design, Analog and Digital 
Logic, High Density Designs, ECL, Board 
Fabrication, Automatic Component 
Insertion, Hybrid and Flex Circuits, and 
IPC Standards 


CAD Design/Checking 
Electro-mechanical packaging design in 
model mode for Manufacturing CAM 
interface on 2nd and 3rd shifts 

2-5 plus years related experience, 
including 2 years on Computervision 
CADDS 4X System; knowledge of hybrid 
and printed and flex wiring desired 





Raytheon’s Bedford Laboratories, a million-square-foot facility, is located in one of suburban 
Boston's most desirable areas—convenient to the city’s incomparable educational, cultural 
and entertainment resources and the innumerable four season, recreational activities of 
nearby New Hampshire, Maine, Vermont and Cape Cod. 


A BS degree in an engineering discipline is necessary. Both experienced engineers and 
recent college graduates will be considered. Raytheon offers excellent salaries and many 
company-paid benefits as well as Stock Ownership and Savings and Investment Plans and 
liberal relocation assistance. Please send resume with salary requirements to: 


Stephen E. King, Raytheon Company, 


Missile Systems Division, Hartwell Road, 


Bedford, MA 01730. An Equal Opportunity Employer. U.S. Citizenship required. 


Quality Starts with Fundamentals 





Raytheon 
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_ METROLOGY 
SUPERINTENDENT 


Primary Standards Laboratory- 
PMEL Manager 


INTERNATIONAL 
OPPORTUNITY 


A major internationally based aerospace contractor is 
establishing a Primary Standards PMEL facility in the 
Middle East. The ideal candidate will be someone with 
recent experience in a management role ina TYPE | 
laboratory and with the capability to technically super- 
vise metrologists and Type | and Il technicians. The lab 
will service Precision Measurement Equipment for a 
major peaceful Middle Eastern country’s civilian and 


military aircraft. Prior USAF experience is desirable. | 


TYPE | TECHNICIAN POSITIONS 
ALSO AVAILABLE. 


In addition to an excellent salary, you will receive tax 
free income, free housing, insurance and R&R travel 
to the U.S. A one year contract is offered, with an ex- 
tendable option. 


CALL OR SEND RESUME IMMEDIATELY TO: 


STEVE BOMBOLA 
714/752-6228 







Mi2 INTERNATIONAL STAFFING 
“4I8 CONSULTANTS, INC. 


19762 MacArthur Blvd. 
Irvine, CA 92715 














NATIONAL OPENINGS 
TECHNICAL WRITERS 


MGA TECH PUBS cicoice ncn 6 caw nice va dcreehat os 
PUBS SUPERVISOR ..............0000e eee ees to 48K 
SUPV PARTS LISTING. ..........0.0-0c ee eee ee to 40K 
ENGING WRITER .............20- ce eee eee eee to 44K 


TEST PROCEDURES/PROPOSALS/IPB MANUALS (the- 
ory of operation, instal) SYSTEM SOFTWARE/LOGISTIC 
SUPPORT 


SYSTEMS TO BE DOCUMENTED INCLUDE: 
radar/combat/avionics/elec warfare/telecommunications/ 
signal processing/sonar/simulation/infra red 


Please call Michael Dunn (collect) at 609-424-8600 




















or send resume to: Judge Inc 

gee Suite G37 

CZ ay =—=—__1930 E. Route 70 
——— —s Cherry Hill, NU 08003 


All positions are direct career opportunities-all fees 
and interviewing. expenses paid by client companies. 


If You’re Looking 
For a Job, 
You've Come to 
The Right Place. 


EDN CAREER 


OPPORTUNITIES 
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Intel... 


Changing Technological Horizons Again 





/ woveroveroecerorerorecerecerolerecoreereteteretsteteterete e'e'e'e* tae 


Design & CAD Engineering Opportunities 
@ 

In Arizona & California! 

The ability to adapt quickly to rapid changes in both market and technology 
is the mark of an Intel professional. As a result, we have contributed to a 
number of “‘firsts’’ in the microelectronic industry. Now, we’re setting 
industry standards in our Telecom, Automotive and Military Groups, and 
the increased activity has generated immediate openings for the following 
professionals: 


Design Engineers CAD Software Engineers 


SESE Qualified candidates must have 2+ Positions require 2 years experience 
rte years experience in one or more of using “C’’, PASCAL or MAINSAIL 
tnd the following areas: VLSI logic/cir- languages in the areas of: graphics 
She cuit design, CMOS, controller design, CAD tool development, ‘IC design, 
seria computer architectures or analog compilers, silicon performance 
see components. Heavy interaction with — verification, silicon compilation and 
anes customers to define chip function in layout generation. MSCS/EE re- 


esy addition to intracompany interfaces 


quired, PhD preferred. 


ns with Fabs, Product Engineering and 


SEEEE Marketing. BSEE required, MSEE 


anes preferred. 
For immediate consideration, please call collect or send your resume to the 
location of your choice. Arizona: Mike Gore, Intel Corporation, 5000 W. 
Chandler Blvd., Chandler, AZ 85226, (602) 961-5794. California: Becky 
Canary, Intel Corporation, P.O. Box 2546, Santa Clara, CA 95051, (408) 


496-8186. An Equal Opportunity Employer M/F/H. 


® 
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Boarti-Level 
Solution 
To 
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integration 











Get your dedicated system to 
market months sooner with the PC 
Bus. Full board-level implementa- 
tion by I-Bus lets you plug together 
system components from hundreds 
of PC Bus board manufacturers, and 
directly execute software developed 
on and for the IBM® PC. 

I-Bus has board-level CPU’s with 
8088 or 80188 processors, full disk 
or diskless operation and up to 160K 


of EPROM, 256K of RAM on board. 

We have the most complete line of 

system packaging for the PC Bus, too. 
Start cutting your schedule 

today—give us a call today at 

(800) 382-4229. In California, call 

(619) 569-0646. cc ae 


SYSTEMS 
9235 Chesapeake Drive 
San Diego, CA 92123 
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Monolithic units swell 
data-converter market 
The average annual growth of the 
data-converter market through the 
remainder of the decade will be 

17.7%, reports the market-research 
company Venture Development 
Corp (Natick, MA). The dollar value 
of the total converter market will be 
$1.18 billion in 1990, more than dou- 
ble 1985’s $501.6 million. The force 
behind this growth, says VDC, will 
be the increasing popularity of mon- 
olithic A/D and D/A converters, 
whose combined sales will grow at 
an annual rate of 20%. 

Ten years ago, the monolithic 
data converter was virtually nonex- 
istent, and as recently as four years 
ago, the highest resolution of these 
devices was 12 bits. Today, the de- 
vices furnish resolutions of 16 bits 
and higher. Furthermore, com- 
pared with hybrid and modular con- 
verters, the monolithic parts offer a 
smaller size with more functions in 
the same board space, lower costs 
due to higher production volumes, 
lower power dissipation and heat 
generation, and high reliability. 


9.8%/YEAR 


EDITED BY GEORGE STUBBS 


Though the demand for hybrid and 
modular converters will not vanish, 
these parts will increasingly serve 
more specialized applications. 
Advances in process technology 
are giving the monolithic devices a 
big boost. CMOS converters achieve 
greater chip densities, and, with the 


aid of VLSI technology, bipolar con- 


verters can now handle higher con- 
version speeds. In addition, BiMOS 
promises to combine the virtues of 
bipolar and CMOS technology and 
have a significant effect upon the 
market within two or three years. 
Power dissipation is important in 
most data-converter applications, 
says VDC, and CMOS will conse- 
quently be the most popular process 
technology for A/D and D/A con- 
verters through 1990. CMOS parts 
will be limited only by their slower 
conversion speed and higher cost. 
Although high-speed applications 
may use significant numbers of 
CMOS flash converters within a few 
years, CMOS devices will most like- 
ly have their greatest impact in 
such slow- and medium-speed appli- 
cations as industrial-control sys- 


1 17.5%/YEAR 


on: 


19.2%/YEAR 


Ti 


17.7%/YEAR 
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tems, medical analyzers, data-ac- 
quisition systems, and automatic 
test equipment. 


Portable data recorders: 
programmability the key 

For remote data recording, pen and 
paper have given way to the porta- 
ble data recorder (PDR), and now 
the basic PDR is yielding to the 
programmable PDR. Vendors 
shipped 145,000 programmable 
PDRs in 1984 vs 25,000 nonpro- 
grammable units; shipment totals in 
1989 will be 453,000 (programma- 
ble) vs 65,000 (nonprogrammable), 
according to the market-research 
company Frost & Sullivan Inc (New 
York, NY). The dollar value of these 
market segments in 1989 will be 
$465.9 million for programmable 
PDRs and $43.8 million for the non- 
programmable recorders. 

The ubiquitous bar code, so popu- 
lar in retailing and other industries, 
has rendered the PDR a necessity in 
many types of data-collection cen- 
ters. Further, wireless communica- 
tions networks have facilitated the 
transmission of collected data from 
the PDR to a central site. Program- 
mable PDRs can provide a number 
of services, including 2-way commu- 
nication, faster error checking, mul- 
tiple functions, compatibility with a 
variety of peripherals and hosts, 
and the ability to discriminate auto- 
matically among a variety of codes. 

Frost & Sullivan predicts that 
competition in the market will be 
stiff. Approximately 25 manufactur-_ 
ers now vie for market share, and 
the number is growing. Currently, 
Telxon and MSI account for 53.7% of 
the market’s dollar value. Norand is 
ranked third (13.2%) and Motorola 
fourth (11.7%). Vendors must de- 
cide whether they are going to em- 
phasize programmable or nonpro- 
grammable units, and they face 
some competition from manufactur- 
ers of portable computers as well. 
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ier Arsenal 


OKHz to 2000MHz, 100mWoutput Gain Controlled From $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 


battle for systems improvement. 


The ZFL-2000, flat from 10 to 2000MHZz, delivers +17 dBm 


output andis still priced at only $179. 


Need more output? Our ZFL-1000H, flat from 10 to 


1000MHz, delivers +20 dBm output. 


Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3 dBm output with 30 dB gain control 


while maintaining constant input/output impedance. 


_ Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from S50KHz to S0OMHz, delivers 10 dBm 
output for the unbelievably low price of only $69. 


One week delivery ...one year guarantee. 


Gain the competitive edge... specify Mini-Circuits 


RF/IF signal-processing components. 
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SPECIFICATIONS 


Model No. 
Freq (MHz) 
Gain (dB), Min. 
Gain Flatness (dB) Max. 
Max. Power (dBm) 
(1dB compression) 
NF (dB) typ. 
3rd order 
Intercept pt (dBm) 
Current at 15V dc 
Price $ 


qty. 


ZFL-500 ZFL-1000G 2ZFL-2000 
0.05-500 10-1000 10-2000 
20 17 20 

+1.0 =o +1.5 

+10 +3 +17* 

5.3 12.0 7.0 

+18 +13 +25 
80mA 90mA 100mA 
69.95 199 179 

1-24 1-9 1-9 


ZFL-1000H 
10-1000 

28 

+1.0 


+20 
5.0 


+33 
150mA 
219 
1-9 


For complete specs on these and our 1- and 2-W models refer to 1985-86 
Gold Book or Microwaves directory. 


*+15 dBm below 1000MHz 


Domestic and International Telex 125460 





A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 


International Telex 620156 
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LogicPak™ 


CONCEPT TO SILICON 


ERLE LI FD 








IN 3 HOURS FLAT. 


ALL THE BENEFITS OF CUSTOM DESIGN 
WITHOUT THE WAIT. Sometimes, the 
only way to optimize a design is by 
using custom parts. But some applica- 
tlon-specific integrated circuits 
(ASICs), like gate arrays, can take 
weeks to develop. 

Programmable Logic Devices 
(PLDs) may be the right solution for 
your application. They offer low risk 
and high design flexibility to reduce 
your development costs. 


LOGIC CONCEPT TO FINAL DEVICE 
RIGHT AT YOUR DESK. Data |/0's 
Personal Silicon Foundry gives you all 
the tools you need to take logic from 
concept to programmed device in just 
hours. The Personal Silicon Foundry, 
based on an IBM® Personal Computer, 
automates time-consuming tasks such 
as design, logic reduction, test vector 
generation and verification. You can 
easily experiment to optimize your 
design and quickly test each iteration 
in an actual circuit. 


FOUR WAYS TO EXPRESS YOUR 
DESIGN. With our FutureNet DASH™ 
schematic design package and 
ABEL™, the industry-standard logic 


The Personal Silicon Foundry is distributed by Hamilton Avnet 


IBM is a registered trademark of International Business Machines Corporation. 





The Personal Silicon Foundry™ 


language, you Can express your con- 
cept in any combination of sche- 
matics, truth tables, state diagrams 
or Boolean equations — whichever 
you prefer. 


CREATE A FULLY TESTABLE DEVICE IN 
MINUTES. Because simulation is an 
integral part of the Personal Silicon 
Foundry, you can segment your logic 
circuit, develop test vectors and debug 
the design in one process. You can 
also automatically analyze design 
testability and generate device test 
vectors. The result: You easily produce 
a fully testable PLD. 


SUPPORTS PLDS OF YOUR CHOICE. You 
have the flexibility to choose any PLD 
from virtually any manufacturer. 


DATA I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet Corporation 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691/ Telex 910-494-2681 

DATA 1/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DATIO NL 
DATA!/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/Telex 4184962 DATA D 

DATA I/O Japan = Ginza Orient Building, 6F, 8-19-13, Ginza Chuo-ku, Tokyo 104, Japan (03) 574-0211/ Telex 2522685 DATAIO J 


Chim, an, siee= aft a ra oe 


Select one of two Data I/O logic pro- 
grammers to match your device 
requirements. Both give you full-func- 
tional testing and easy operation from 
the PC keyboard. 


AUTOMATICALLY DOCUMENTS THE 
ENTIRE PROCESS. Throughout design, 
simulation, programming and testing, 
the Personal Silicon Foundry gener- 
ates all necessary documentation. 
Your PLD Is ready for the production 
line just hours after your concept 

is developed. 


CONFIGURE YOUR OWN PERSONAL 


SILICON FOUNDRY. ASK US HOW. As 
the world leaders in PC-based CAE and 
PLD support tools, Data |/O and 
FutureNet* can help you tailor your 
own Personal Silicon 
Foundry. Call us 


d Il f OTHE 
today, toll free 
1-800-426-1045 SILICON FOUNDRY 


and ask for your free 
guide to PLDs 
and the Personal 
Silicon Foundry. 
Capturing the power of PLDs is that 
simple. And fast. 
“FutureNet is a Data |/O company. 


DATA I/O 


